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y/ TRANSITION CURVES FOR HIGHWAYS 


INTRODUCTION 


Transitions from tangents to horizontal curves have been, univer- 
sally adopted by railroads, but they have not been generally accepted 
for highways even though their use results in greater safety, smoother 
riding, and a more graceful alinement of the highway. 

Among the reasons for this are reluctance to change existing prac- 
tices and to revise standards; a belief that a vehicle using the highway 
is not confined to a track and is able to effect the change from a straight 
to a circular motion smoothly; a belief that widening at a sharp curve 
together with the gradual attainment of this widening accomplishes a 
satisfactory transition; and a belief that transitions involve tedious 
calculations both in the office and field, resulting in increased costs of 
engineering. There has also been considerable confusion as to what 
factors should determine the minimum length of a transition. 

Some of these reasons were valid when road speeds were slower than 
at present but they do not apply now. At moderate speeds the average 


driver can traverse a satisfactory short. transition path within. the 


limits of a vehicle lane but with increased speeds longer transitions are 
required. These can be traversed only by hazardous crowding or occu- 
pation of adjoining lanes. The increase in the speeds at which vehicles 
are operated, the desire for increased speed with safety, and the mount- 
ing accident toll make it imperative that highways be constructed in 
such manner that a driver traveling at the safe speed for which the 
highway is designed will not only find it possible to confine his vehicle 
to the occupied lane but will be encouraged to do so. 

In the following pages the relation of speed to highway design is 
discussed, and a method for determining the required lengths of tran- 
sitions under various conditions is presented, together with tables from 
which the required transitions can be chosen and located without ex- 
tensive calculations. Other factors related to transitions such as 
limiting curvature, superelevation, pavement widening, and right-of- 
way acquisition, are discussed. The use of the tables should make it 
as simple and inexpensive to design and locate curves with transitions 
as it. is to design and locate simple curves. The methods employed 
and the use of the tables are illustrated by numerous examples. 


SPEED IN RELATION TO HIGHWAY DESIGN 


In urban areas motor vehicles are driven at speeds that vary over a 
wide range. ‘Traffic control by officers or lights, density and varia- 
tions in types of traffic, numerous intersections, changing roadway 
widths, grades, and pavement types, trolley cars, parked vehicles, 
eccentricities of other drivers and of pedestrians, and many other 
causes tend to make the driver vary his speed and stop frequently. 
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Once clear of urban areas, the average driver tends to settle down 
to a steady speed which in his mind is as great as the traffic and the 
physical characteristics of the highway permit. The speed is seldom 
the maximum speed of the vehicle since almost all passenger vehicles 
and some busses and trucks can attain speeds greater than that con- 
sidered safe on existing highways and greater than that for which the 
public and highway engineers deem it economically advisable to con- 
struct most highways at the present time. 

For the purposes of this discussion it is assumed that traffic is not 
dense enough to slow down a vehicle so that the steady speed adopted 
by the average driver depends largely upon the physical characteris- 
tics of the highway. The personal factor cannot be ignored. Some 
drivers choose a higher speed than do others. Some passengers feel 
comfortable at speeds higher than do others. Those physical charac- 
teristics of the highway that tend to make a fast driver slow down also 
tend to make a slow driver reduce speed. But an approximately 
uniform speed is generally the aim of all drivers. 

The assumed design speed of a highway is the maximum approxi- 
mately uniform speed that probably will be adopted by the faster 
group of drivers but not, necessarily, by the small percentage of reck- 
less ones. The principal factor affecting the choice of a design speed 
is the character of the terrain. In general, rolling terrain justifies a 
higher design speed than mountainous country since the cost of con- 
structing almost every highway detail for a higher speed is less. An 
important highway carrying a large volume of traffic may justify a 
higher design speed than a less important highway in similar topog- 
raphy because the increased expenditure for right-of-way and con- 
struction will be offset by the savings in vehicle operation, highway 
maintenance, and other operating costs. A low design speed should 
not be assumed for a secondary road if the topography is such that 
vehicle operators probably will travel at high speeds on the completed 
highway. Drivers do not adjust their speed to the importance of the 
road, but to the physical limitations such as curvature, grade, sight 
distance, and smoothness of surface. All other conditions being the 
same, a driver may use greater speed on a less important highway 
because of the absence of considerable traffic. 

A balanced design requires that every critical detail of the highway, 
as far as economically possible, be designed for the assumed speed. 
For higher speeds, curve radii, superelevation, sight distances, widths 
of pavements and shoulders, set-backs for guard rails and walls, and 
widening at curves should be increased, slopes decreased, and other 
changes familiar to highway engineers should be made. 

No unexpected detail requiring or encouraging a sudden reduction 
of speed or swerving from the occupied lane should be permitted. To 
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be confronted suddenly with such a detail is disconcerting and danger-* 
ous, especialiy if some other emergency imposes itself upon the thoughts, 
of the driver. Where such a detail is unavoidable, a conspicuous 
warning sign, visible night and day, should be erected well in advance 
of the point of danger. If such details are spaced closely, most drivers 
will slow down instinctively and that section of highway should: be 
designed for a lower speed. 

While designing for a given speed necessarily fixes a limit of curva- 
ture, there is no restriction or inhibition to the use of flatter curves if 
they can be introduced as a part of economic design: In fact such 
procedure should be encouraged. An occasional flat curve will not 
encourage drivers to speed up but if a succession of flat curves is met, 
drivers naturally will resort to greater speeds and that section of the 
highway should be designed for a higher speed. A section of highway 
in which the assumed design speed is constant may be any reasonable 
length and not, necessarily, the entire length of highway between 
terminals. . 

An exceptional case may justify deliberately constructing a series 
of curves of gradually decreasing radii to induce the drivers to slow 
down before reaching a section of highway unsafe for high speeds: 
Transitions from flat terrain to sharply rolling or hilly topography; 
and entrances to cities with numerous intersections, are cases in point. 
Such changes should be made as gradual as possible and advantage 
should be taken of every change in topography to reduce any appear- 
ance of forced alinement. 

Design speeds of 30, 40, 50, 60, and 70 miles per hour are used 
throughout this discussion. 


SAFE SPEED ON CURVES 


A vehicle traveling around a curve of constant radius at a constant 
velocity exerts a force outward known as centrifugal force which is 


bd 


Wry2 
represented pe GR” in which W represents the weight of the vehicle, 


v the velocity in feet per second, g the acceleration of gravity in feet 
per second per second, and #& the radius of the curve in feet. The cen- 
trifugal force is resisted by the component of the weight of the vehicle 
parallel to the superelevated surface of road and the friction between 
vehicle tires and road surface. These are represented by WS and WF, 
respectively, S being the superelevation slope or rate of supereleyation 
and F the friction factor. 

If the vehicle is not skidding these forces are in equilibrium and may 
be represented by the equation, 


We! 
gh 
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Eliminating: W, changing v in feet per second to V in miles per hour, 
and substituting 32.16 for g there results 


_ 0.067 V? 
R 


Superelevation must be limited for practical reasons. When travel- 
ing around a curve at low speed, large superelevation results in a tend- 
ency to slide down the incline since the centrifugal forée is negligible. 
Friction will resist sliding but tests indicate that where ice is encount- 
ered the maximum frictional resistance that may be developed before 
sliding down the incline is 0.1 W. The frictional resistance required 
to prevent a vehicle on a superelevated cross section from sliding down 
the incline when traveling at little or no speed is represented by SW. 
The limiting superelevation recommended is numerically about the 
same as F for ice; namely, 0.10 foot per foot or about 1% inches per 
foot. As much as 14 inches may be used for skid-resistant surfaces in 
sections where freezing is infrequent. 

A large number of driving tests? indicate that the amount of resistance 
to transverse sliding that may be developed with safety by a vehicle 
traveling around a curve is represented by a value of F of 0.16 for speeds 
of 30 to 60 miles per hour and by a value of 0.14 for a speed of 70 miles 
per hour. Resistance considerably in excess of that represented by 
these values may be developed without skidding; but it is inadvisable, 
when designing with safety a primary consideration, to use values 
which under certain conditions of road surface, etc., would closely 
approach those at impending skid. There is little difference in effect 
between applying a lower factor to a comfortably safe speed and apply- 
ing a higher factor to a critical speed not used by most drivers. 


S+F 


MAXIMUM CURVATURE FOR VARIOUS DESIGN SPEEDS 


Using a maximum superelevation slope of 0.10 and a maximum safe 


0.067 V2 
Rk 





factor for frictional resistance of 0.16, S+F=0.26= 


.“. Minimum safe R=0.258 V2 


For speeds of 30, 40, 50, and 60 miles per hour, curves with radii 
less than 232, 412, 644, and 928 feet, respectively, should not be used. 
These correspond to curves of 24.7°, 13.9°, 8.9°, and 6.2°, respectively. 


2 For an analysis of the reports of nearly 900 driving tests see paper, Safe Side Friction Fac- 
tors and Superelevation Design, in the proceedings of the sixteenth annual meeting of the 
Highway Research Board, 1936. 
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For a speed of 70 miles per hour, the use of a lower friction factor of 
0.14 and a maximum superelevation slope of 0.10 results in the equa- 
tion . 
0.067 V? 


S+F=0.24= R 


The safe minimum radius, therefore, is 1,370 feet, corresponding to a 
curvature of 4.2°. 
SUPERELEVATION DESIGN 

It has been common practice to superelevate pavements on curves 
to counteract all the centrifugal force of a vehicle traveling at an as- 
sumed speed. Because of practical limitations on the amount of 
superelevation it is not possible to compensate fully for centrifugal 
force on sharp curves and it becomes necessary to rely upon friction, 
in addition to superelevation, to prevent a vehicle from sliding out- 
ward. A vehicle traveling on a highway at the assumed vehicle speed 
will develop no friction rounding flat curves but will develop consid- 
erable friction on sharp curves. 

There is little balance in a design in which no friction is developed 
rounding some curves and the maximum allowable amount is devel- 
oped rounding other curves at the same speed. It seems desirable to 
develop a moderate amount of friction rounding the flat curves but the 
friction should not exceed that developed when rounding sharp curves 
superelevated by the above method. This may be accomplished by 
designing superelevation for a vehicle speed that is some fraction of 
the assumed design speed of the highway. | 

The practical maximum superelevation per unit of width is 0.10 
and the maximum safe factor for frictional resistance is 0.16. For the 
sharpest permissible curve and at the assumed design speed about 39 
percent of the centrifugal force will be counteracted by the effects of 
superelevation since CEST i 6 = 0.39. If exactly 39 percent is used, 
only the sharpest curves will be superelevated 0.10 foot per foot with 
proportionately lesser amounts of superelevation with decrease in cur- 
vature. This reduces the margin of safety to vehicles rounding the 
easier curves at speeds in excess of the design speed. Fully counter- 
acting centrifugal force by superelevation wherever possible is objec- 
tionable because it results in all but the very flat curves being super- 
elevated to the practical maximum slope of 0.10. Seventy-five percent 
is suggested as a compromise between the two extremes.’ For example, 
the curves on a highway with an assumed design speed of 60 miles per 


3 For a discussion of the effects of designing superelevation for three-quarters of the assumed 
design speed see paper, Safe Side Friction Factors and Superelevation Design; in the pro- 
ceedings of the sixteenth annual meeting of the Highway Research Board, 1936. 
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hour would be superelevated to compensate for the centrifugal force 
developed at 45 miles per hour except where the limitation of 0.10 foot 
per foot governed. 

Slow-moving vehicles would be aided by this method of supereleva- 
tion without inconvenience to fast-moving vehicles. The numerical 
value of the centrifugal force per unit of weight of a vehicle moving 
slowly around a flat curve may be less than the value of superelevation 
slope, in which case frictional resistance is required to prevent the 
vehicle sliding down the incline. If the assumed speed for designing 
superelevation is decreased the required friction is reduced or elimi- 
nated. This is a desirable effect since most vehicles will travel at 
speeds less than the assumed design speed. Fast-moving vehicles 
would not be subjected to danger because sharp curves would be super- 
elevated to the practical maximum in any case. 

Possible future redesigns of the highway for somewhat higher speeds 
would not be made more difficult because a reduction in supereleva- 
tion from that resulting from a design based on the total assumed 
design speed. of the highway would be made only on the flatter curves 
that are safe for vehicle speeds considerably greater than the assumed 
design speed of the highway. 

The superelevation values shown in table I are based on the assump- 
tion that all centrifugal force resulting from a speed of three-fourths of 
the design speed is counteracted by the effects of superelevation up to 
a@ maximum practicable limit of 0.10. When slopes are desired in 
inches per foot, each 0.01 foot may be considered equal to one-eighth 
inch without appreciable error. 


TRANSITION CURVES IN RELATION TO SPEED 


On highways without transitions the average driver traveling at the 
maximum speed for which a curve is designed finds it difficult to confine 
his vehicle to his traffic lane and maintain a uniform speed around the 
curve. On approaching such a curve he may choose one of several 
courses. If he can see well ahead around the curve or otherwise knows 
of its existence he may slow down so that he can swing into the curve 
and remain in the traffic lane; that is, give himself enough time to 
change from a straight to a circular course by turning his wheel on a 
short transition which may be created within the limits of his lane since 
the lane is wider than the vehicle. The smaller the difference between 
the widths of lane and vehicle, the shorter the transition that can be 
made within the limits of the lane. As an alternative to slowing down 
he may swing wide amd encroach upon an adjacent traffic lane. In 
either case he is following a transition course selected by himself. 
Encroachment on adjacent traffic lanes creates a traffic hazard both to 
the driver and to others. 
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Transitions must be used if a uniform speed is to be maintained — 


around a curve and the driver encouraged to keep: within his traffic 
lane. The transitions should be long enough so that at:the speed for 
which the curve is designed most drivers will have sufficient time to 
change from a straight to a circular motion by turning their wheels 
gradually and to swing into the circular curve within the limits of the 
occupied lane. 

From another viewpoint, the transition must be sufficiently long 
that the driver feels the development of centrifugal force gradually. If 
the change from a tangent to a circular curve is made in a short dis- 
tance, the driver is conscious of the sudden application of the full 
centrifugal force, and instinctively seeks to minimize this effect by 
driving on a longer transition obtained by occupying part of the 
adjoining lane. Long transition curves eliminate this tendency. 

The required length of transition, L,, may be determined as follows: 
If a vehicle travels on a curve.at a constant speed of v in feet per second 
= The total time 


: eo aL 
required to traverse the transition curve is ra The average rate at 


it is accelerating towards the center at the rate of 


which the vehicle on the transition approaches: this final constant 
Bu Lygow? 


centrifugal acceleration is therefore 


R psvawsde Jew 

This average rate will vary for different drivers and a great number 
and variety of tests and observations are needed to determine the 
maximum average rate that will accommodate almost all drivers. 


The few observations available indicate that a value of 2 for will 


y3 
RL, 
be satisfactory and is used herein. Equating these values and con- 
verting from feet per second to miles per hour we have 

V3 


v3 ys 
2= 57 RL, and Egi.6 R 


TRANSITION CURVES IN RELATION TO RUN-OFF 


Transitions also are used to effect gradual changes from crowned or 
level sections to superelevated sections. To avoid the appearance that 
results from too rapid a change in superelevation, the transition should 
be long enough to permit the slope of the outer edge of pavement with 
respect to the center line to be no greater than 1 in 200. Where the 
topography or some other condition makes the use of shorter transi- 
tions advisable, shorter lengths corresponding to relative slopes of 1 
in 150 and 1 in 175 may be used for design speeds of 30 and 40 miles per 
hours, respectively. 

Where the grade and alinement are such as to accentuate depressing 
the inside edge of the road, it is preferable to keep this edge a fixed 
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distance below the normal center-line grade and to raise both the 


-center line and outside edge of the pavement. This results in minimum 
‘transition lengths nearly twice as long as are obtained by the method 
‘in which the center-line grade remains unchanged. The slope of the 
“outside edge from normal to superelevated position is referred to the 


inside edge rather than to the center line. 

Curvature begins at the T. S.,4 at which point the outer half of the 
pavement should be level so that at no point on the curve will the sur- 
face slope downward toward the outside. Full superelevation should 
be attained at the S.C. where the radius of curvature is that for which 
the superelevation is designed. For simplicity, the change may be 
made uniformly between these points. Where the grade and aline- 
ment are such as to permit depression of the inner half of the pavement, 
this half should be symmetrical with the outer half except that it 
should be warped from a crowned section at the T.S. to a straight 
inclined section at a point where the changing superelevation of the 
outer half becomes equal to the crown. The whole cross section at 
this point will be a straight inclined line. The outer half will have to 
be warped from a crowned section at a point on the tangent some dis- 
tance from the T.S. to a level section at the T.S. This distance should 
result in a slope of the outer edge of pavement with respect to the center 
line of about 1 in 400, requiring about 33 feet for each inch of crown. 
Where design speeds of 30 and 40 miles per hour are used, shorter 
distances may be used where necessary since the chosen design speeds 


‘indicate limited tangent distances. 


Figure 1 shows recommended methods of attaining superelevation. 

While vertical curves are desirable wherever slopes are changed, 
the slopes of the pavement edges with respect to the center line are so 
small that changes without vertical curves generally are not noticeable. 
If desired, however, the effect of a vertical curve can be produced by 
eye adjustments of the stakes or forms in the field. An exception is 
the high point or S.C.S. of a curve transitional throughout where a 
short section of full superelevation should be used if the relative slope 
is steeper than say, 1 in 400. 

Where the S.T. of one curve and the T.S. of the next curve ahead 
are identical or a short distance apart, smoother riding and improved 


appearance may be obtained by the use of a level cross section midway 


between the points and straight line variations to the adjacent C.S. 
and S.C. 

Rate of run-off, sometimes expressed in terms of the elevation of one 
tire with respect to the other and sometimes expressed by the rate of 
angular change or the rate of attaining superelevation slope, similar to 
the method often used for railroad transitions, has been advanced as 


‘ Transition symbols and what they represent are listed on pp. 13 and 14. 
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a means for the determination of minimum transition lengths. Where 
the transition length is at least long enough to meet the requirements 
outlined above for the relative slope of the outer edge of pavement, 
the rate of run-off is moderate. 


RECOMMENDED MINIMUM TRANSITION LENGTHS 


Recommended minimum transition lengths for various degrees of 
curvature and assumed design speeds are shown in table I. Each 
transition is sufficiently Jong to satisfy the condition for speed as ex- 
pressed by the formula, L,= 1.645) and to Jimit the slope of the outer 
edge of a pavement 20 feet wide with respect to the normal center line 
to 1 in 150 for an assumed design speed of 30 miles per hour, 1 in 175 
for 40 miles per hour, and 1 in 200 for higher speeds. In general, the 
slope requirement governs for the flatter curves and the speed require- 
ment governs for the sharper curves. Where the width of pavement 
used in the determination of the minimum transition length to meet 
slope requirements is more than 10 feet, as in four-lane pavements, or 
in two-lane pavements in which the inside edge is kept a constant dis- 
tance below the normal center line, the slope requirement will always 
govern. The minimum transition length for such a case is determined 
by the superelevation slope, the governing width of pavement, and the 
slope limitation of 1 in 150, 175, or 200, as the case may be. ‘Traffic 
Janes for modern traffic should be at least 11 feet wide. Transition 
lengths to meet slope requirements are slightly greater than for lanes 
10 feet wide but differences are not great enough to consider changes 
in the few values in table I affected thereby. 

All transition lengths are shown to the nearest 50 feet for ease of 
design and location. The reason for this becomes apparent when the 
use of the tables is described. A transition length less than 150 feet is 
considered impractical. A length of 100 feet satisfies the speed re- 
quirement and the requirement that the slope of the outer edge of pave- 
ment with respect to the center line of a two-lane pavement be not 
steeper than 1 in 200 for curves of 8°, 5°, 3°, and 1° 30’, or less, for 
assumed design speeds of 30, 40, 50, and 60 miles per hour, respectively. 
Because of this limited application and the improved appearance result = 
ing from the use of a 150-foot transition, it was considered inadvisable 
to increase the bulk of the tables by inserting data for L,= 100 feet. 

It may be inferred that transitions should be omitted where the 
length necessary to meet speed and slope requirements is less than 100 
feet, but this is not advocated because the appearance of the alinement 
is improved when any superelevated curve has transition. Very few 
curves would be affected in any case. Where a low design speed is 
necessary there are few opportunities for flat curves. 
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Table I shows neither superelevation nor transitions for curves of 1° or 
less. A vehicle rounding the outside of a 1° curve crowned 1 inch in 
10 feet at the maximum assumed design speed of 70 miles per hour will 
develop friction represented by a factor of 0.06, well within safe limits, 
the length of transition required is less than 100 feet, and the break at 
the P.C. of a simple 1° curve is not noticeable. 


DESIGN OF CURVES WITH EQUAL TRANSITIONS BY USE OF 
TABLES 


TYPE OF TRANSITION USED 


In the preceding discussion controlling conditions to be met in the 
design of transition curves have been presented. A method of design 
meeting these conditions will now be described. For simple curves 
with equal lengths of transition at the ends, the design may be made 
directly from data presented in the tables. Data needed for staking 
a curve can be taken largely from the tables. Except for simple inter- 
polations, few or no calculations are required. 

In this publication the complete mathematical derivations are not 
given. The necessary formulas and tables with only enough of the 
derivation to aid in understanding their application are shown. 

The transition curve used is one in which the degree of curvature 
(arc definition) varies directly as the length of transition, being zero at 
the beginning of the transition and equal to D, at the S.C. (See list of 
symbols following.) It is the same form of transition used by Arthur 
N. Talbot in The Railway Transition Spiral except that Professor Talbot 
used the chord definition and his tables were developed around the 
symbol a which represents the rate of change of degree of curve per 
100 feet of length and equals the degree of curvature at a point 100 feet 
from the T.S., a=*0?e. 

The American Railway Engineering Association spiral is the same 
form of transition as used herein except that the chord definition of 
degree of curve is used and the spiral is always divided into 10 equal 
chords. It is known commonly as the 10-chord spiral and became 
very popular due to the ease with which it is located in the field, 
despite the fact that even stations are not readily located by this 
method. The transition used by T. F. Hickerson in Highway Survey- 
ing and Planning is the same in form as the one used herein. In the 
Searles spiral the transition is effected by a series of compound circular 
curves in which each curve is sharper than the preceding curve. In 
England the lemniscate advanced by F. G. Royal-Dawson in his book, 
Road Curves, has been used to some extent. 

As regards riding qualities, safe speeds, or rates of change of super- 
elevation, no one form of transition has any particular advantage over 
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other forms. The principal shortcoming of the treatises in which 
transitions have been presented heretofore is that the tables have not 
been prepared with the thought in mind that the transition is part of 
a complete curve which must fit between two tangents with a measured 
intersection angle and at the same time meet possible limitations of 
tangent and external distances in addition to those of speed, rate of 
run-off, superelevation, and appearance. A laborious method of trial 
and error had to be used when specific limitations were imposed, often 
resulting in odd lengths of transition and odd values of degree of curva- 
ture that materially increased the time required for computing and 


staking the work. 
TRANSITION SYMBOLS 


Figure 2 and the following list of symbols show the meaning of 
terms and symbols used in the discussion. 


‘he Point of intersection of the main tangents. 

TS. Tangent spiral, common point of tangent and spiral 
of near transition. 

S.C. Spiral curve, common point of spiral and circular curve 
of near transition. 

C.S8. Curve spiral, common point of circular curve and 
spiral of far transition. 

S.T. Spiral tangent, common point of spiral and tangent of 


far transition. 

S.C.S. Spiral curve spiral, common point of both spirals or 
midpoint of a curve transitional throughout. (Ex- 
cept where special reference is advisable, the 8.C.S. 
will not be mentioned hereafter since a curve transi- 
tional throughout is the same as any other curve 
with transitions in which A,=0 and the 8.C.S. may 
by considered the S.C.) 

Radius of the circular curve. 

Length of spiral between T.S. and 8.C. 

Length between T.S. and any other point on spiral. 

Length between any two points on spiral. 

Tangent distance P. I. to T.S. or S.T., or oor 
distance of the complete curve. 

External distance P.I. to center of circular curve por- 
tion, or to S.C.S. of a curve transitional throughout. 

1 Pid bs Long tangent distance of spiral only. 

ols Short tangent distance of spiral only. 

L.C. Straight line chord distance T.S. to 8.C. 

p Offset distance from the tangent of P.C. of circular 

curve produced. 


° 


bd 


— 


A 


& 
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k Distance from T.S. to point on tangent opposite the 
P.C. of the circular curve produced. 

A Intersection angle between tangents of entire curve. 

A. Intersection angle between tangents at the S.C. and 


at the C.S. or the central angle of the circular curve 
portion of the curve. 


6, Intersection angle between the tangent of the com- 
plete curve and the tangent at the S.C., the spiral 
angle. 

6 Intersection angle between the tangent of the com- 


plete curve and the tangent at any other point on 
the spiral, the spiral angle of any other point. 


Dé Degree of the circular curve same as degree of curva- 
ture of spiral. at the S.C. (are definition). 

D Degree of curvature of spiral at any other point on 
spiral (are definition). 

be Deflection angle from tangent at T.S. to S.C. 

rr Deflection angle from tangent at any point on spiral 


to any other point on spiral. 
pe | Coordinates of 8.C. from the T.S. 
a Coordinates of any other point on spiral from the T.S. 


USE OF TABLES IN DESIGN 


In designing highway alinement the angle between intersecting 
tangents is usually known as well as the limiting lengths of tangents 
and external distances. 

Table IV gives tangent distances, 7',, and external distances, E,, 
for numerous combinations of transition length, L,, and degree of 
curvature, D.. Each section of the table represents one value of the 
intersection angle A. All combinations above and to the right of a 
zigzag line are safe for the speed indicated at the end of the line. The 
designs that fit the limiting conditions of 7, or EH, or both may be 
obtained directly from the table corresponding to the measured 
angle A. 

After the combination of L, and D, is decided upon the value of T, 
may be taken from the tables to the nearest hundredth of a foot and 
used to establish and locate the station of the T.S. by subtracting 7’, 
from the station of the P.I. The central angle of the circular curve 
portion of the curve may be calculated by subtracting the central 
angle occupied by both transitions from the total central angle A. 
Thus A,=A—26,=4 20s, Note that this is the only calculation 
required thus far and since L, is always a multiple of 50 feet and D, is 
in even degrees, except for values less than 4° when it is in even half 
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CURVE WITH TRANSITION - BOTH ENDS 











CURVE TRANSITIONAL THROUGHOUT 


FIGURE 2.—Typical curves with transitions, 
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degrees, the calculation may be made mentally. The S.T. maybe 
located on the far tangent, distance 7’, from the P.J., and its station 
established by adding to the station of the T.S. the total length of 
curve which is 2 L, plus the length of the central circular curve. 

When A is not in even degrees, as is usually the case, the table for 
the value of A nearest the measured A is used for choosing the com- 
bination of L, and D, which best fits the limiting conditions. Then 
the exact value of 7’, may be obtained by simple interpolation between 
the tangent distances read for the same combinations of L, and D, 
from the tables for the two nearest values of A. 

Examples 1, 2, and 8 illustrate the use of table IV. 


EXAMPLE 1.—ZIllustration of use of table IV where external distance 
controls 


Given: Design speed 40 m.p.h. 
Measured A=56° P.I. station 436+ 89.20 
Line should be located about 92 feet from the P.I. 
In table IV for A=56° it may be observed at a glance that the 
following combinations fit: 
D.=11° 5,=500 feet. 
D,.=10° L,=400 feet. 
D.= 9° L,=300 feet. 
D.= 9° L,=350 feet. 
If the combination of D,=9° and L,=300 feet is chosen, T,=491.35 
is read directly. 
LD, 
100 
Length of circular curve portion = 100 X 29°-+-9° = 322.22 feet. 
Station of P.I. 486+89.20 
7, 4 91.35 
Station of T.S. 431+ 97.85 
Station of S.C. 484+ 97.85 
3. 22.e0 
Station of C.S. 438+ 20.07 
Station of S.T. 441+ 20.07 


A,=A—- 





=56°—3X 9° =29° 
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Se naaag 2.—Illustration of use of table IV where interpolation is 
OW hse necessary 

~ Given: Same as example 1 except that A=56°14’. 

Table IV for A=56° is used to find the combinations which fit re- 
quirements. If the combination of D,=9° and L,=3800 feet is chosen 
T, is found by simple interpolation between 491.35 from the table for 
A=56° and 498.57 for the same combination from the table for A=57° 


resulting in 7',=491.35+ a X 7.22= 493.03. 


L,D, 


ASP. 7100 





=56°14’—3X9°=29°14’. 


Length of circular curve portion=100 X 29°14’ +9° =324.81. 


Station of P.I. 436+89.20 
iv 4 93.03 
Station of T.S. 431+ 96.17 
Station of 8.C. 434+ 96.17 

3 24.81 
Station of C.S. 488+ 20.98 
Station of 8.T. 441+ 20.98 


As a check for the requirement that EL, be about 92 feet it may be 
interpolated between 91.1 from table for A=56° and 94.5 from the 
table for A=57° resulting in H,=91.9 feet. 
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EXAMPLE 3.—Illustration of use of table IV where tangent distance is 
limited 
Given: Design speed 60 m. p. h. 
Measured A= 42°48’ P.I. station 87+37.24. 
Not more than 700 feet available for total tangent. 


In table IV for A=43° it may be observed at a glance that the fol- 
lowing combinations fit: 


D,=6° L,=350, 400, 500, and 600 feet. 
D,.=5° L,=300, 350, and 400 feet. 
D,=4° L,=250. 


If the requirement that the line be not less than 85 feet and not more 
than 95 feet from the P.I. be added the choice narrows down to the 
following combinations: 


D,.=6° L,=600 feet. 
D,=5° L,=300, 350, and 400 feet. 


If the combination of D.=5° and L,=400 feet is chosen 7’, is found 
by simple interpolation between 641.90 from the table for A=42° and 


653.47 from the table for A=48° resulting in T.=641.90-+ 65 X 11.57 


651.16. 
A, = 42°48’ —4X 5° = 22°48’ 


Length of circular curve= 100 X 22°48’ = 5° = 456.00. 


Station of P.I. 87+37.24 
Fs 6 51.16 
Station of T.S. 80+86.08 
Station of S.C. 84+ 86.08 

4 56.00 
Station of C.S. 89+ 42.08 
Station of 8.T. 93+ 42.08 


Values for central angles less than 6° are not shown in table IV. The 
design of curves to fit small intersection angles is governed by the 
appearance of the highway. A curve of relatively short length even 
with proper transitions has the appearance of a sharp bend. For a 
central angle of 5° the curve should be at least 500 feet long and for 
each decrease of 1° in the central angle the curve should be at least 100 
feet longer. These curve lengths are obtained with simple curves of 
1° or less which require no transition. For intersection angles of 6° 
and 7° the curves should be at least 400 feet long, and for intersection 
angles of 8°, 9°, and 10° the curves should be at least 350 feet long. 
These may be simple curves of 1° or less or sharper curves with proper 
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transitions chosen from table IV. The suggested minimum lengths of 
curves for small intersection angles should not be construed as both 
minimum and maximum. Nothing adds more to the pleasing appear- 
ance and graceful alinement of a highway than long, flowing curves. 
Where topography permits, an effort should be made to accomplish 
this by the use of 20’, 30’ or 40’ curves for intersection angles equal to 
or greater than those indicated above. 

Curves transitional throughout are those in which the two transitions 
occupy the entire curve. They may be treated like any other curves 
with transitions in which A4,=0. 0=5 and A290, a Aes, In table 
IV E, distances for those curves transitional throughout are shown to 
two decimals (for example see entries at bottom of columns for A=30°) 
for convenience of locating the 8.C.S. from which, if it is desired, both 
transitions may be located. Curves transitional throughout also may 
be designed by the use of table III which gives 7’, and EF, for various 
values of A for transitions 1 foot long. Where 7, or E,; controls the 
design and a curve transitional throughout is desired, L; may be found 
by dividing T, or E, by the factor for transitions | foot long adjacent 
to the measured A interpolating if necessary. The resulting curve 
must be tested for safe speed. Curves transitional throughout generally 
result in odd values for Z, or D, or both. The advantage of confining 
designs to combinations shown in table IV will become apparent later. 





LOCATING THE CHOSEN CURVE WITH TRANSITIONS 


After designing the curve with transitions by choosing a combination 
of L, and D, shown in table IV, the curve may be located by the use of 
data from table V. It-is desirable to locate the control points of the 
curve, the T.S., S.C., C.S., and 8.T., to the precision required of the 
line as a whole so that no appreciable errors are carried forward, thus 
permitting other points on the transitions to be located with less 


precision. te 
Table V (left page) gives the details of all transitions shown in 


table IV. Table V (right page) gives the deflection angles for all tran- 
sitions shown in table IV for a set-up on the T.S. from the tangent 
to points on the transition dividing it into 10 equal lengths. Facing 
pages give the data for one value of L,. Thus if the curve chosen in 
table IV is L,=300 feet and D,=9°, the pages of table V for L,=300 
feet apply. The details of the transition are found on the left page 
along the line for D.=9°,.and the deflection angles for a set-up on the 
T.S. from the main tangent to the division points of the transition 
divided into 10 equal lengths are found on the right page, also along 
the line for D.=9°. 

There are several methods of locating the 8.C. of a curve with 
transitions. In illustrating methods, use will be made of the data of 
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a previous example in which A=56° and the combination chosen: to 
fit conditions was D,=9° and L,=300 feet. 


(a) By long chord.—L.C.=299.26 read directly from table V for 
L,=800, left page, and deflection angle to 8.C. or point 10 4°30’ read 
directly on the opposite page. When set up on the 8.C. the transit 
zero may be set on the common tangent by backsighting on the T-.S. 
with the vernier set for the deflection angle to the T.S. from the local 
tangent. This deflection angle equals 6, minus the deflection angle 
from the T.S., in this case 13°30’ — 4°30’ =9°00’. 

(b) By spiral tangents.—Long tangent=200.58, short tangent= 
100.53, and @,=13°30’ are all read directly from table V for L,=3800, 
left page. In this method a set-up is made on the intersection of the 
spiral tangents which is on the main tangent a distance from the T.S. 
equal to the long tangent. 


rh a ta da 9 ane pn apne eile ape achat 47 42M EZ won NS 431+97.85 
pT T gah Th \ Ag NN ar Ste na tip 2 ole 2+ 00.58 


Sta. of intersection of spiral tangents_ 433+ 98.43 


The angle 0, is turned off the main tangent and the short tangent dis- 
tance measured from the point of set-up to the 8.C. By setting up on 
the 8.C. and backsighting on the intersection of the spiral tangents the 
telescope will be on the tangent common to both spiral and circular 
curves. 

(c) By coordinates.—x,=298.34 and y,.==23.47 are read directly from 
table V for L,=800, left page, and measured from the T.S. 

(d) By measuring from the P.I.—This method can be used only 
where the curve is visible from the P.I. A simple trigonometric cal- 
culation is required. The line from P.I. to S.C. is the hypotenuse of 
a right triangle of which one side is y,=23.47 and the other is T7,—2,.= 
491.35 —298.34—=193.01. Using a table of trigonometric functions, the 
deflection angle from the tangent at the P.I. is found to be 6°56’ and 
the distance to the 8.C. is computed to be 194.43. When set up on the 
S.C. the transit zero may be set on the local tangent by backsighting 
on the P.I. with the vernier set for the deflection angle to the P.I. 
which equals 6, plus the deflection angle from the P.I. in this case 
13°30’ + 6°56’ = 20°26’. When the curve is transitional throughout the 


angular deflection to the S.C.S. from the tangent at the P.I. is 90° — 


and the distance is F,. The common tangent at the S8.C.S. is per- 
pendicular to the line from the P.I. 

If the entire transition is visible from the T.S. it may be located 
from a set-up on the T.S. by locating the division points on the transi- 
tion divided into 10 equal lengths using a chord length of one-tenth 
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L, and deflection angles read directly from table V, right page, checking 
out on the S8.C., point 10. 

For all practical purposes the chord length equals the are length 
except for transition lengths 400 feet and longer and then the exception 
applies only for comparatively sharp curves. The true chord length 
may be obtained by the use of any standard table using the arc length 
and the average degree of curvature. The average degree of curvature 
may be computed mentally to the nearest degree, being 0.95 D, for 
the chord next to the 8.C., 0.85 D, for the next chord, ete. For the 
transitions shown in table IV the maximum discrepancies between 
chord and arc lengths are found for L,=600 feet and D.=16°, being 
0.06 for the last chord, 0.05 for the next chord, etc. The discrepancies 
for L,=500 and D,=20° are about the same and those for L,=400 
and D,.=25° are about 0.01 less in each case. 

Example 4 illustrates the use of table V, right page, in determining 
deflection angles from the T.S. 


EXAMPLE 4.— Deflection angles from the T.S. 


Given: D.=9°L,=300. Sta. of T.S. 431+97.85 
Deflections read directly from table V, right page, for L.=300 


PUTAT i Oly Lot sv aurorens i ere Sh Set Peek ite eee el Se 431+97.85 
oa noue >. Shere Danses 24 05) eeu staao 432+27.85 0°03’ 
AtN S121, "ae ARR eT, Mey SES en eee ae So +57.85 0°11’ 
We PS © 1k a ae Pipe pe = 8 oP RE ea es en ent Mite Oe +87.85 0°24’ 
ON at es Fk ee hel PS Di Ap | Gg Naa SUE, SRY, See ap EN 433-+17.85 0°43’ 
inten, £5 i ek A ee a ey oe eee ee Be +47.85 1°08’ 
WRE DS AEE Spy a ee DEM NO PRD Eee eae ke eS SMES, Oe nS +77.85 1°37’ 
oar ikea oe Ml Ne es Me es ek 8 434+07.85 2°12’ 
gS CTs 6G Faeyr CEN SMEAR aa Se ae Rent epee «ee a +37.85 2°53’ 
Bren ge Ee TEM ee tee a eso ies a ete tsa hey et staal ee +67.85 3°39’ 
NG ats Geet Jonieey Sree ee CPS) oats Tah ADOT Ee ie +97.85 4°30’ 


The deflection angles in table V are shown to tenths of minutes for 
use in interpolating when the deflection angle is desired to a point 
other than a chord point, such as an even station. Simple interpola- 
tion leads to small errors which may be corrected by the use of column 
A in the table which gives the correction in minutes for each foot of 
the distance from the nearest chord point. In all cases the correction 
is deducted from the interpolated value. 

For example, assume that the deflection nave is desired to Sta. 
433+00 in example 4. 

Point 3, Station 432 + 87.85 deflection angle ¢=0°24.4’ 
Point 4, Station 433+ 17.85 deflection angle ¢=0°43.2’ 
Station 433+00 by simple interpolation ==0°32:0! 


Correction 0.05’ X 12 feet aay 110.6) 
Final deflection angle —0°31.4/ or 0°31 
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Other methods for locating the transition, as well as computations _ 
for the transition when it is not visible from the T.S. and an inter-_ 
mediate set-up is required, are described later. A method of locating . 
the transition from the 8.C. is also described. 

The method that has been described is based on the use of table Iv 
which is predicated on the assumption that the intersection angle 
is the first condition controlling design and in which the tangent and 
external distances for the entire curve with transitions may be read 
at a glance. The combinations of L, and D, shown are believed to 
be sufficient to meet all reasonable sets of conditions. If values of 
L, or D, or combinations of both other than those shown in table 
IV are desired, table IV may be used as a guide, the approximate 
values of 7, and E, being obtained from combinations close to the one 
desired. The amount of trial and error may be reduced but the correct 
value of 7, to lacate the T.S. and the S.T., for example, will require 
some calculation. The details of the general transition and the 
methods of making the calculations when the L, and D, values in 
table IV are not chosen are given in succeeding pages. 


SUPPLEMENTARY TABLES FOR SHARP CURVES 


The main body of the tables gives data for curves up to and including 
25°, the maximum safe curvature for an assumed speed of 30 miles per 
hour. The range of curves is sufficient for practically all situations 
met in practice except in mountainous topography where sharper 
curves may be required. The supplementary tables in the appendix 
give data for curves from 26° to 38° inclusive for transition lengths of 
150, 200, and 250 feet. Data for longer transitions are considered to 
be unnecessary since where sharp curvature is required it is improbable 
that tangent distances will be long enough to accommodate transitions 
longer than 250 feet. 

The tables in the appendix are presented as supplements to the main 
tables. They are extensions of the main tables and may be used in the 
same way. Zigzag speed lines are not shown in the supplement to 
table IV. All combinations of D, and L, shown are safe for speeds of 
25 to 30 miles per hour when the paxemenis are superelevated to the 
practical maximum of 0.10 foot (144 inches) per foot. 

Table X shows maximum degrees of curvature considered safe for 
various combinations of rate of superelevation, S, and speed, V, based 
on the relation, S+ Pin 2087S Maoh 
The friction factor, Ff, used in each case is that considered safe for 
the assumed design speed and is shown at the head of each column. 
This table has no direct relation to the tables for transitions. It is 
included to show directly the relation between the various factors 








TRANSITION CURVES FOR HIGHWAYS 23 


entering into the design of circular curves. It may be used to deter- 
mine safe speeds on existing curves, but it should be remembered that 
a transition is required at each end of each curve for safe operation at 
the speed shown. 


DESIGN OF CURVES WITH TRANSITIONS—GENERAL CASE 


GENERAL PROCEDURE 


In the transition used throughout this discussion the degree of curva- 
ture varies directly as the length of spiral, being zero at the T.S. and 
D, at the S.C. 


L 
wears D; 
The spiral angle, @,, at the S.C. equals the central angle of the circular 
curve for a length just half the length of the spiral. 


L, 


95= 599% De 


The spiral angle varies as the square of the length of spiral from the 
T.S. so that at any other point the spiral angle, 


L2 
tebe 


The coordinates x and y are expressed in terms of geometric series 
not shown here. However, the values of the coordinates for any given 
value of the spiral angle @ vary directly as the length of the spiral from 
the T.8. Table II gives values of x and y for a unit length of spiral for 
different values of 6. To obtain z or y for any point multiply the value 
in the table for the @ at that point by the length of spiral from the 
T.S. to the point. 


x Oa 


8 


The distance k is equal to ss approximately and the spiral almost 


exactly bisects p. 

Values of p and k for a unit length of transition are given in table II 
for various values of @ so that p and k for any particular transition 
may he obtained by multiplying the table coefficients opposite 6=0, 
by the length of spiral. 

Values of p and k are required when adjusting an alinement of tan- 
gents and simple curves to provide for the insertion of transitions. 
The circular curve must be made sharper or moved inward so that the 
P.C. of the circular curve is the distance p from the tangent and there 
must be sufficient tangent distance between curves to increase the 
tangent of the simple curve by a length approximately equal to k. 
When it is proposed to use two transitions of equal length the shift or 
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other adjustment of the circular curve is made without difficulty. 
However, when local conditions control the alinement to the extent 
that transitions of unequal length must be used the circular eurve 
must be adjusted until the ® at each end is that required tofit D; nd 
the corresponding L,. 

Often in rugged topography, a location is made without first pearee tt 
lishing both tangents to the curve. In an alinement without transi- 
tions the tangent may be carried forward only to the P.C. from which 
point the degree of curvature is estimated or assumed and the curve 
carried forward. The transition length should be established at that 
time to avoid the difficulties encountered in adjusting the curve later 
to accommodate the transition. The details of the transition should 
be calculated, the S.C. established as outlined, and the circular curve 
carried forward from that point. When leaving the curve a similar 
procedure should be followed. In this method nothing is gained by 
making both transitions alike except that equal transitions avoid new 
computations for establishing the S.T. and the transition leading to 
the 8.T. 

Table IV is not used when a location is made in this manner. Table 
I is useful in choosing a transition length and table II may be used in. 
calculating the details of the transition. Tables VI and VIII may be 
used to locate the transition after it ‘is designed. If the chosen curva- 
ture is in even degrees (or half degrees for curves flatter than 4°) and 
the chosen transition length is a multiple of 50 feet, the details of the 
transition may be read directly from table V and also the deflection 
angles from the tangent at the T.S. to points dividing the transition 
into 10 equal lengths. 

Most curves are designed with equal transitions for which the 
tangent and external distances for the entire curve are computed, as 
follows: 


T.=(R.+p)tans+h 


E,=(R,.+ p)exsees + p 


The use of the tangents for each transition and for the circular curve, 
if any, is often found advantageous. The P.I. of the complete curve 
may be inaccessible whereas the P.I.’s of the transitions and the sec- 
tion of circular curve are much nearer the center line and therefore 
more likely to be accessible. Sometimes conditions make it advisable 
to use unequal transitions for which the computations for the tangents 
for the complete curve are laborious. Sometimes it may be advan- 
tageous to carry the line forward by the use of the long chord. 
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Values of L.T., long tangent (fig. 2), S.T., short tangent, and L.C., 
long chord, for a unit length of transition are given in table II for various 
values of so that the values for any transition may be obtained by 
multiplying the coefficients in the table opposite @6=6@, by the length 
of the transition. If the chosen curvature is in even degrees (or half 
degrees for curvatures less than 4°) and the chosen transition length is 
a multiple of 50 feet, these distances may be read directly from table V. 

The central angle of the circular curve portion is the total central 
angle less the angles occupied by both transitions, 


_ LD. 

100 © 

The total length of curve is the sum of the lengths of both transitions 
and the length of the central circular curve. 


A,-=A—20,=A 





Be 
D, 


The deflection angle, ¢, at a set-up on the T.S. from the tangent to 


Total length of curve=2L,+ 100 


any point on the spiral is the angle whose tangent is =. It is unneces- 


sary to compute x and y since the deflection angle is very nearly equal 
to one-third of the spiral angle, the correction being small for small 
values of the spiral angle, and less than half a minute for values less 
than 21°. 
0 
o=3—-C 

Table VII gives corrections to be deducted for various values of @. 

When a set-up on an intermediate point on the spiral is required, as 
when an obstruction makes it impossible to locate the entire spiral 


| from the T.S. and a forward movement of the transit is required, it is 











necessary to set the zero of the transit on the tangent at the point of 
set-up and to compute a new set of deflection angles. ‘The deflection 
angles are computed as follows: 

The degree of curve at the point of set-up is first computed by the 


formula, D=7 XD. The length to any other point on the transi- 


tion for which the deflection angle is desired is known and may be desig- 
nated L;. The deflection angle for a circular curve of degree D for 
length L; is computed. The deflection angle from the T.S. to a point 
on the transition distance L; from it is computed. The desired deflec- 
tion angle equals the circular curve deflection plus or minus the transi- 
tion deflection. If the point is towards the T.S. from the set-up, the 
transition deflection is deducted and if the point is towards the S.C. 
it is added. The foregoing follows from the fact that the spiral leaves 
the circular curve at any point at the same rate that it leaves the tangent 
at the T-.S. 
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To set the zero of the transit on the local tangent any other known 
point on the spiral may be used as a backsight by setting the vernier 
for the deflection angle to the point of backsight. The deflection angle 
may be computed as described above. Usually the T.S. is a conven- 
ient backsight point. The deflection angle from the local tangent to 
the T.S. equals, by geometry, 6—¢ in which 6 represents the spiral 
angle and ¢ the deflection angle from the T.S. for the point of set-up. 


Since o=5 very closely, except for large angles, the back deflection 


angle to the T.S. equals, very closely, 2 ¢. 

If a spiral is divided into any number of equal parts the deflection 
angle to or from any point of division to any other such point is the 
same for a value of the spiral angle 6, regardless of the length of spiral. 
Tables VI and VIII give coefficients which when.multiplied by the 
spiral angle 6, give the deflection angles from any point to any other 
point of a spiral divided into 10 and 20 equal parts, respectively. For 
a set-up on the T.S. the coefficients in the column headed 0 are used. 
For a set-up on the 8.C. the coefficients in the column headed 10 or 
20 are used. It is believed that with these tables the deflection angles 
can be computed and a spiral located as readily as a circular curve, 
the only disadvantage being that the points located are not even 
stations. 

The results obtained by the use of tables VI and VIII are correct 
except that since each deflection, is made up of a circular curve deflec- 
tion and a spiral deflection the latter should be corrected in accordance 
with table VII. For rough work the correction can be ignored and 
for more accurate work it can be ignored for all values of @ less than 
21° so that it will rarely be used. To compute the correction, @ is 
first computed by multiplying the spiral angle 6, by the ‘‘Constant 
for 6’ located within the same diagonal zigzag lines as the coefficient 
in table VI or VIII. 6 is then used in table VII to obtain directly the 
correction to be subtracted or added as indicated in table VI or VIII. 


USE OF TABLES IN LOCATING THE CHOSEN CURVE 


From the design of any curve whether made in the field or office the 
following are usually known: A, A,, Ls, 6,, D., T;, and E,. The 
station of the T.S. is known or may be computed by deducting 7’, from 
the station of the P.I. 

Four methods are given for locating the transition. A set-up may 
be required on the T.S. or on the 8.C. or on an intermediate point 
depending on the method used. If the transitions are located by 
tangent offsets the x distances are measured from the T.S. and S.T. 
and may be lined in from one set-up on the P.I. or from separate set- 
ups on other points on the main tangents. If chords and deflection 
angles are used both the transition and the circular curve may be 
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located from a set-up on the S.C. and both transitions of a curve tran- 
sitional throughout may be located from a set-up on the S.C.S. 

When set up on the S.C. the zero of the transit may be set on the 
local tangent at the point by backsighting on the T.S. with the vernier 
set for the deflection angle to the T.S. This deflection angle equals 
6,—¢-. Since ¢, is very closely 14 6, the deflection angle to the T.S. 
is closely % @,. For a large value of @, a correction should be applied 
as described in the preceding chapter. 

When set up on the 8.C.S. of a curve transitional throughout the 
local tangent is perpendicular to a line from the P.I. 

MetuHop 1.—Deflection angles to points of equal division (the 10- or 
20-chord spiral).—A simple method for locating a transition is to 
divide the length into 10 or 20 equal parts, set up on the T.S. or on 
the S.C. and locate the spiral by deflection angles and equal chords in 
the same manner as when locating a circular curve from a set-up on 
the P.C. or P.T. The zero of the transit should always be set on the 
tangent at the point of set-up and deflection angles to the points to be 
located may be computed by means of table VI for the 10-chord spiral 
or table VIII for the 20-chord spiral. The coefficients under the point 
of set-up and across from the points to be sighted on, when multiplied 
by @,, give the deflection angles. In some cases corrections are re- 
quired as heretofore described. When set up on the T.S., column 0 is 
used. When set up on the 8.C., column 10 of table VI or column 20 of 
table VIII is used. The transition is located by successive equal arc 
lengths beginning at either end. For all practical purposes the arc 
length equals the chord length except for transition lengths 400 feet 
and longer and then the exception applies only to comparatively sharp 
curvatures. The true chord length may be obtained from any stand- 
ard table using the arc length and the average degree of curvature. 
The average degree of curvature may be computed to the nearest 
degree mentally, being 0.95 D, for the chord next to the 8.C., 0.85 D, 
for the next chord, etc. | 

When a part of the transition is not visible from either end an inter- 
mediate set-up generally is necessary, and, unlike locating a circular 
curve, a new set of deflection angles must be computed. These may 
be computed easily, however, by multiplying the coefficients in table 
VI or VIII under the point of set-up by @,. The deflection angle to 
some known point on the transition, preferably the T.S. or 8.C. also 
may be computed in the same manner and may be used to set the zero 
of the transit on the local tangent by backsighting on the point with 
the vernier set for the deflection angle to the point. 

Where it is desired to set even stations this method is not used. 

The computations for a set-up on the T.S. with the entire spiral 
visible and the computations for a set-up on an intermediate point are 
shown in example 5. 
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EXAMPLE 5.—Computations for a set-up on the T.S. with entire spiral 
visible and for an intermediate set-up 


Given: D.=9° Ls=300 6;=13°30’ T.S. at station 431+97.85 
{Chord length for 10-chord spiral 30 feet.—Coefficients read from table VI. , 


Deflection ee ri) 


Point Station 
Set up on TS. Set up on point 6 
2 2 EE ae AMR EIN, OME Dee Bg 431-9780) 46020. pL ee 0. 240013. 5°=3°14’ 
May... Use bie tats. oO 432-+27.:85°| 0:0033X13::5°=0°03': | 22ti coe Oe es 
Ooi ewe 2 es. Se ae +57. 85 5 OISSK 13. 5° = OP TL ee ee 
Syd RENE ASUS pa Be ig FS 3 | aye +87. 85 . 080013: 5° = 0924" |. ee ee 
by ae eS cet, < Dee 27 es a , 0533 X13,.5° 0043"; |... 2 - on coer oo. 
| IRE Si SEATS BL NN +47. 85 0833 X13. 5° 1°08" |... wawwmctibale ih adeeue 
9 PCa fell ot a Meant eg Alege ANON — yor de +77. 85 » L200 1S OPS 1937). eee ee ee 
Rie ee ag Ba eas 434++-07. 85 . 1633¢1315° = 2° 12" . 0633 X13. 5°=0°51’ 
ERE LE SA Lop Bape Map Bate IEF +37. 85 - 2133 X13. 5° = 2°53’ . 1333. 13: 6% = 1°48’ 
EC Ral iat 2 eae 2 a ee eS ded | oD +67. 85 . 270013. 5° =3°39’ . 2100 X 13. 5°= 2°50! 
Orie He ee we ie ee +97. 85 . 3333 X13. 5° = 4°30’ . 2933 K 13. 5° =3°58’ 


The deflection angles of example 5 for a set-up on the T.S. may be 
read directly in table V, right pages, since the combination of D,=9° 
and .,=300 feet is included in that table. 

Example for computing corrections: 

Correction for ¢ from T.S. to point 9. 
Constant for @ between zigzag lines=0.81 .. 6=0.81X13.5° = 
Ki: 

This is too small to require correction but, if large enough, the correc- 
tion to be subtracted would be obtained from table VII. 

Metuop 2.—Deflection angles to even stations.— Where it is desired to 
set even stations, deflection angles from the T.S. may be computed by 
the formula ¢=4X6= BX <6, (deducting a correction where the re- 
sulting deflection is greater than 7°). 

Where an intermediate set-up is necessary, the degree of curvature at 
the point of set-up is computed by simple proportion. Circular curve 
deflection angles for this curvature for the lengths from the set-up to all 
other points are computed and to them are added (or subtracted) 
deflection angles for the spiral from the T.S. for the same lengths. The 
deflection angle from the point of set-up back to the T.S. may be more 
easily computed by 0—¢ for that point. 

The deflection angles for a set-up on the S.C. may be computed in the 
same manner as for a set-up on an intermediate point, the degree of 
circular curve for this set-up being D,. 

Example 6 shows the computations where the entire spiral is visible 
from the T.S. and example 7 shows the computations for the same 
numerical example where an intermediate set-up is necessary. All but 
one or two calculations were made with a 10-inch slide rule with which 
results accurate to the nearest minute are obtained. 


SS 











- 
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EXAMPLE 6.—Computations where the entire spiral is visible from the 


Given: D-=9° L.,=300 6,=13°30’' T.S. at station 431+-97.85 


1 He ols 


As 
Set-up on T.S. 
le L= ee ¥ jecotene! angle 
ation ance from 2 2 Os 
AWS =F 3X3 — L?X0.00005 

a eure se eRe. eee ee eT Seon aris ee a Ngee. ool eee poe. eS 

re Re en UE Se se os ae, a= 2.15 5 0. 000° = 0°00’ 

ON I eee gah ke =e a a 52.15 2720 . 136° =0°08’ 

Bea). ee eh lt ae OS eS 102. 15 10450 sb220=0°31’ 

Beir ROOT ot ASN Oy ee ee 152. 15 | “23150 1. 158° = 1°09" 

Mets Giles 1 |: ie 202.15 | 40900 2. O45-== 2°03’ 
eS Otome. Mien ee 252.15 | 63600 3. 180°=3°11' 
IR AR Le ae oo PS st os Se Seog t- dah = 4.5=4°30 


EXAMPLE 7.—Computations where part of spiral is not visible from T.S. 
[Assume that all points ahead of 433+-50 in example 6 could not be seen from the T.S.] 
152. 15 





=. ——__—-- ° = ° 
D 300 X9°=4. 565 
Set-up on 433++50 
apie fede Deflecti 
: distance for spiral circular eflection 
Station rhe Ly? ia e 6 00005 tune anelo 
433-50 DN ig 56 
004 565 

PPS. .(49144-9708520 sl 15200 23150 1.158° 3. 475° 2. 317° =2°19' 
eR ee ead HIRAM 18 Hol aR S| aa tS el eg 9) RE I RN ES | Mes Die en igen eae 
454-00 SSSI 50 2500 riz 1. 142° 12679 = 1°16! 
OS), eee oe ae ae 100 10000 . 500° 2. 282° 2. 782° =2°47' 
S.C. 434+97. 85__---------- 147. 85 21850 1. 093° Sate 4.468° = 4°28’ 





Metuop 3.—Offsets from the tangent.—To locate a transition by 
offsets from the tangent the x distances are measured from the T.S. 
along the main tangent and the corresponding perpendicular y distances 
are measured from these points. The z and y distances may be com- 
puted by first computing @ for each point, 

L? 
O=T3X%e 
and then obtaining the x and y coefficients for @ for each point from 
table II. The x and y distances for each point are the products of the 
coefficients and the lengths along the transition from the T.S. as 


illustrated in example 8. 
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I-xaMPLE 8.—Computation of offsets from tangent 


Given: D.=9° L.=300 @,=13°30’ T.S. at station 431+97.85 


RES RS 
F2= 30927 0:00015 
Coordinates 
Ren L? 
Station ery hu Pie r Pi 
2 0.00015 ’ 
TS; L : coef- x coef- y 
ficient ficient 
TS; 400-07. 80.22 a eee eon eae oe RS eS es fe aa 
y Re Dt ee eerie Re 5, 5 0. 00°} 1. 00000 2.15 |0. 00000 0. 00 
B32 ED: 0k yd 2. Lo 2720 .41 | .99999 | 52.15 | .00239 12 
ASS Alps Panic P Ei ee 102. 15 10450 1.57 | .99992 | 102.14 | . 00914 93 
CS Ey ee ee ie Re og 152.15 23150 3.48 | .99963 | 152.09 | . 02024 3.08 — 
434-F 00. 2222222 22.2 202. 15 40900 6.13 | .99885 | 201.92 | . 03563 7.21 18 
Meaty ee ees 252215 63600 9.54 | .99723 | 251.45 | .05539 | 13.97 | 
§:.C. 434--907. 85....-2 2224 300 13.50 | .99446 | 298.34 | .07823 | 23.47 | 


Metuop 4.—Offsets from the tangent and circular curve.—In this | 
method points on the first half of the spiral are located by offsets from 
the tangent, by method 3, and points on the second half are located by 
offsets from the circular curve carried back from the 8.C. to the P.C. 
This is possible since the spiral leaves the circular curve at the same 
rate that it leaves the tangent and offsets from the circular curve are_ 
the same as from the tangent except that the x distances are measured | 
along the circular curve from the S.C. The circular curve between |. 
the P.C. and the 8.C. may be located from either end. If the spiral 
tangents or the spiral long chord (l..C.) are used to set the S.C. it may 
be easier to locate the circular curve from the 8.C. The P.C. may also | 
be set from the T.S. by the use of k and p from which point the circular | 
curve may be located not only to the 8.C. but beyond it. 

An advantage of this method over method 3 is that the offsets are 
small. In example 9 the same data are used as in example 8. The jal 
largest offset is 2.82 feet as against 13.97 feet for method 3. 
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_Examp_e 9.—Computations of offsets from tangent and from circular 
curve } 


Given: D.=9° L.=300 0@,=13°30’ T.S. at station 431+97.85 


6s 13.5 


T3752 0-00015 


Station of P.C. 431-497, 85+ = 433-447.85 


p=0.01960 (table II) X300=5.88 


k=0.49908 (table II) X300= 149.72 
5.88 
Tan angle T.S. to P.C.= P == 0.03027 Angle= 2°15’ 


Distance T.S. to P.C.=k~+cos of angle T.S. to P.C.=149.72+0.99923 = 149.84 














T Coordinates 
plove 
ine 
from L ag ee 
Station TS. dees.” “ y 
seh L? X 0.00015 coefii- z coeffi- y 
from cient cient 
S.C. 
BM Sa oO OME pres Ament hges LPL Set aes PES oe LAPS eee SPE Ca ee ee 
Ne | 4324-00-55 55 oa feb - 2.15 5 0. 00° |1. 00000 2.15 |0.06000 | 0.00 
ASS DO Se ee ee oy 52. la 2720 41 . 99999 52.15 | .00239 cs 2 
M433*F 0052 se. fins oy be 102. 15 10450 1.57 . 99992 | 102.14 | .00914 . 93 
433-7 Oe A eS 47. 85 21850 ees | See EL ETS SOT OCT 2. 82 
4344-00 cet) cance oe 97. 85 9580 | a ee, a | eRe eee . 00838 82 
aCe TOU ee” ah, BO 2290 NOt) Wore eee ee hE OO LoS . 09 
ie 434+97.85_- Pea TEE | . Ss romeepictlbes sae d Rees bes has) net ot ges ab eed one ee wef cet 
1 Inusing this method the .x-distances, in most cases, may be made equal to L. 
PARALLEL TRANSITIONS 


Sometimes it is necessary to stake a line parallel to the center line 
of the roadway. Generally this is done by offsets from the center line. 
») When this is impractical the parallel line may be treated as a separate 
Walinement with each circular curve concentric with the corresponding 
Heurve of the center line with a radius equal to the radius of the center 
line circular curve plus or minus the offset distance. The value of p 
is the same as that of the center line and the P.C. of the circular curve 
) produced is opposite that of the center line but the transition for a 
Jcurve inside of the center line must be shorter due to the increase in 
)D, and the transition for a curve outside of the center line must be 
longer due to the decrease in D.. The length of transition may be 
Jfound by trial, using the ratio of the values of D, as a guide in choosing 
‘the length for first trial, as illustrated in example 10. 
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Examp.e 10.—Calculations for transition curve parallel to center line 
with transition. Calculations made with slide rule | 


The following assumptions are those used in the example on page 19, 
L,=300 feet, D.=9°, R=636.62 feet. 
6,= 13°30’ and p=300X 0.01960 (table II) =5.88 feet. 


Design a parallel line 30 feet inside the center line. 
R=606.62 D,.=9.45°. 


Try L, a little larger than aX 300. | 


Try L,=290 0,=1.45X9.45° =13.70° p=290X0.01989=5.76. 

Try L,=292 0,=1.46X9.45°=13.80° p=292 X 0.02003 =5.85. 

Try L,=293 @,=1.465 X9.45°=13.84° p=293 X0.02009=5.89 O.K: | 

The T.S. of the offset curve is forward of the T.S. of the center-line | 
/ 
/ 





curve a distance equal to the difference of the k distances. For this 


example 
k for center line = 300 x 0.49908 (table IT) = 149.72 | 
k for offset line =293 X 0.49903 = 146.22 | 


The resulting curve is very neariy but not exactly parallel to the 
center line and is as smooth and graceful in appearance as the center 
line with transition. 

When pavements are widened on curves the inside edge may be © 
given transition by the method illustrated in example 10 except that 
the throw, p, is the sum of the p of the center line and the widening of | 
the pavement on the inside of the curve. This procedure results in a — 
smooth curve without any break at the S.C. but a transition much 
longer than the center-line transition is required. The central circular | 
portion and the tangents leading to the center line T.S. and 8.T. must | 
be long enough to permit inserting the extra length of transition. 











TRANSITIONS FOR COMPOUND CURVES 
GENERAL PROCEDURE 


Transitions are used between curves of different radii to change 
gradually from one circular motion to another of greater or less degree — 
and to permit a corresponding change in superelevation. The sharper 
curve must necessarily lie inside the flatter curve. . 

The length of transition required is the difference between the 
lengths required for changing from a longitudinal to a circular motion 


for each curve so that 


V3 V3 
py R, 1-6 R, 


where FR, and R, represent the larger and smaller radii of the two curves 
Substituting 5,730~+ D for each radius there results 
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(D2.— Dy) 
5,730 


The last term of the equation is the reciprocal of the radius for a curve 


| a a degree equal to the difference of the degrees of the two curves so 
that 
V3 


| 

| R, 

which is essentially the formula for the length of any transition except 
| that A, represents the radius of a curve of a degree equal to the differ- 
ence between the degrees of the two curves. 

To change gradually from the superelevation of one curve to that. of 
another the slope of the outer edge of pavement with respect to the 
center line should not be steeper than 1 in 200 so that the minimum 
}} length of transition should be at least 200 times the difference between 
| the full superelevation of the two curves. 

The transition in superelevation may be effected by straight-line 
ivariation throughout the transition in curvature. While vertical 
curves are desirable wherever slopes are changed, the difference be- 
tween the slope of the pavement edge and that of the center line is so 
small that generally changes without vertical curves are not noticeable. 
‘If desired, the effect of a vertical curve can be produced by eye adjust- 
‘ment of the stakes in the field. 

- Compounding two curves that differ in radius by more than 50 per- 
‘cent of the smaller radius results in a sudden change of curvature 
which is noticeable if the transition is omitted. A transition at least 
1100 feet long should be inserted. Where two curves differ in radius by 
less than 50 percent and the preceding methods of design result in 
transitions less than 100 feet long they may be omitted and such 
| hange in superelevation as may be required can be effected on the 
Sflatter curve. 

| As an illustration of methods recommended, assume a design speed 
bf 40 miles per hour and that it is required to determine L, for a transi- 
tion between curves of 8° and 14°. For 


D=14°—8°=6° 



















L.=1.6V?X 





L,=1.6 








tt R=955 feet 
: Fs Ad Benet al Tikvet 


| For a pavement 20 feet wide the difference in elevation between the 
center line and the edge of the fully superelevated section is (table I) 
(0.10—0.08) x 10 feet=0.2 feet 

200 x 0.2=less than 107 feet ... L,=107 feet (minimum value). 
A If the change in curvature were from 4° to 10°, L,, determined by the 
f radius of a 6° curve, would be the same as above, namely, 107 feet 
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(minimum value); but the rate of change of superelevation would ay) 

govern, resulting in L,=(0.10—0.04) x 10 200= 120 feet (minimum }/ 

value). | 

As another illustration, assume a design speed of 40 miles per hour 

and that a transition is to be provided between curves of 9° and 14°. | 
R for D=5° = 1,146 feet 


403 
L,=1.6X L146 = 89 feet 
L, required to effect change of superelevation in a 20-foot pavement 7| 
is less than the above so that ordinarily a transition may be omitted. |} 
However, the radius of a 9° curve is more than 50 percent greater || 
than the radius of a 14° curve and a transition at least 100 feet long |} 
should be inserted for appearance. | 














SYMBOLS FOR TRANSITIONS FOR COMPOUND CURVES 


All subscripts 1 refer to the flatter curve and subscripts 2 to the 7) 
sharper curve (fig. 3). 7 
C.S.; and C.S.. Common points of curves and spiral. Curve 7} 











spiral. 
R, and R,» Radii of the circular curves. 
Lig Length of transition C.S.; to C. S.». 
I Point of intersection of tangents at C.S.,;and C.S.. | 
T; and T; Tangent distances C.S.; and C.S., to I. 
Da Offset distance between the circular curves pr 
duced at the common radius. ] 
A; and A; Intersection angles between the tangents at | 








C.S., and C.S.. and the parallel tangents of the } 
circular curves produced at the common 








radius. 
D,; and Dz Degrees of curvature of the circular curves. 
R, Radius of curve of degree D2.— D,. 
64 “Equivalent” spiral angle. (See text.) 


DETAILS OF THE TRANSITION FOR COMPOUND CURVES 





The transition connecting two curves of different radii has the same | 
characteristics as a transition connecting a tangent and curve except |, 
that the degree of curve is the difference of the degrees of curvature 
of the circular curves. 

Thus, if D, is the degree of curvature of the flatter curve and D. that | 
of the sharper curve a= 5X (D,—D,). This is termed the ‘‘Equiva- } 
lent” spiral angle since it is not the central angle of the actual spiral. | 
The common radius bisects the spiral so that the actual central angle | 
may be computed by adding the central angle for each curve for half 
the length of spiral 












x 
|) 
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La _ La 
Ai=599%D, — 42= 900% 2 


tag 
Ait A2=599(Pi+ D2) 


i The equivalent spiral angle may be used in table II to find pa, the 
offset between the two circular curves at the common radius. 





FIGURE 3.—Transition for compound curves. 
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Where compound curves are required the center line is often located — 
without first establishing the normal tangents. To avoid the laborious 
work of adjusting the circular curves to permit insertion of transitions, 
allowance should be made for a transition at each change of curvature 
before proceeding with the circular curve ahead. At the P.C. and 
P.T. this may be done by means of the spiral tangents or long chord 
as heretofore described. Spiral tangents also may be computed for 
a transition at a P.C.C. of a compound curve as follows: 








L, Tas 
A1=500 A2= 399 * D2 
AB=R, exsec A,— R, exsec Ai— pa 
wr, cos Ap _ fii cos Ai 
Al=ABX = (Ai+ As) SR (A, + Az) 
T; ==} X tan Ait Al T» =R,.X tan Ao— BI 


Example 11 illustrates the application of these formulas. 


EXAMPLE 11.—Computations of spiral tangents for a transition at 
PGE: 


Given: D,;=2° Ri =2864.79 D,=6° R.=954.93 La=140 feet. 


140 
64= 200 (6—2) =2.8° 


pa (table II) =0.00406 X 140=0.5684 or 0.57 


14 Se D _ 140 


AB=954.93 X exsec 4.2° =+2.578 
— 2864.79 X exsee 1.4°= — 0.859 


A\= San * 6° =4.2° 











—Da= —0.57 
BAAS AB=1.15 
AI=1.15x 28 25, = 11.75 BI=1.15x 223-4 = 12.00 
T, =2864.79Xtan 1.4°=70.02 T, =954.93X tan 4.2°=70.13 
+ Al=11-75 — BI =12.00 
81.77 58.13 


LOCATING THE TRANSITION FOR COMPOUND CURVES 


MetuHop 1.—Offsets from the circular curves.—In this method the 
spiral is located by offsets from: both circular curves which are located 


first. The offset at the midpoint of the spiral is Es and the offset at any 
1a 
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| other point is equal to x multiplied by the cube of the proportion of 


_ the distance from the nearer C.S. Offsets from the sharper curve are, 
_ of course, outward and from the flatter curve inward. 
: METHOD 2.—Deflection angles to even stations.—When using this 
_ method the deflection angles may be computed in the same manner as 
for a set-up on an intermediate point of a spiral connecting tangent 
_ and circle. The deflections for a circular curve of the degree of curve 
at the point of set-up are first calculated. If set-up on C.S.,, D; is the 
degree of curve, if set up on C.S.:, Dz is the degree of curve, and if set 
up on an intermediate point distance L from the C.S.1, D= 


Di+7X (Ds—D)). If L is measured from the C.S., of the sharper 


curve, D=Dy~ 72 (Di—D)). These formulas follow from the fact 


that the degree of curvature varies directly as the length of spiral 
beginning with D, at C.S., and increasing uniformly to D, at C.S., 
Spiral deflections computed in the same manner as for any other spiral 
‘using the equivalent spiral angle are then added to or subtracted from 
| the circular curve deflections. They must be added if sighting toward 


_ the sharper curve and subtracted if sighting toward the flatter curve. 











EXAMPLE 12.—Computations for location of spiral by offsets from 
compound curve 


| Given: D,=2° D.=6° L,=140 feet S.C.; at station 35+ 40.10 and 
stations increasing towards 8.C.. 
140 
"6300 
From table IT p,=0.00406X 140=0.568 Fe= 0.284 


(6 — 2) =2.8° 


Pa 
2 _ 0. 284 


[ ar ~ 343000 
2 








=().000000828 











Offset from curves 
L = Dy Ps 
Station from L3 LEAS 2 
S.C. a 
= [3 0.000000828 
Seeovune ed 
Sa AU Ue Re ee oe Mere nT Wek cone et neice 
+50 9. 90 970 0 
36+00 59. 90 Be 214500 _ .18 
50 30. 10 27250 . 02 





vu 
OPM MOR IEG 2c eee) ep de oe Sok cee 





Offsets above line are measured inward from 2° curve. 
Offsets below line are measured outward from 6° curve. 
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EXAMPLE 13.—Computations for deflections to even stations from a 
set-up on C.S.; of the flatter curve 


Given: Di:=2° D2=6° La=140 feet. S.C.; at station 35+40.10 and stations increase 


towards S.C.» 
140 























cial —9) =? R0 
9a= 509 (6—2) =2.8 
bs Oe Myre 4 ¥ 
3% L373 19,600 7 00000476 
Set-up on §.C.1 
| L for spiral y- 
256. . 
Station trom Ea solr a tar 4 for Deflection angle 
§.C. m Dea? ¢ 
= L?0.0000476 
S580. 100) i. eT. BRE Oe Le a 
50 9. 90 98 0 0. 099° 0. 099° = 0°06’ 
36+00 59. 90 3, 590 Br ia ve . 599 .770 =0°46’ 
+650 109. 90 12, 080 . 575 1. 099 1.674 =1°40’ 
36++80. 10 140. 00 19, 600 . 933 1. 400 2 3830 ==2°20/ 

















Metuop 3.—Deflection angles to a 10- or 20-chord spiral.—This 
method is similar to method 2 except that the spiral is divided into 10 
or 20 equal parts and the spiral deflections which are added to or sub- 
tracted from the circular curve deflections are more easily computed 
by the use of the first column of either table VI or table VIII using the 
equivalent spiral angle. The first column, which gives deflections 
from a set-up on the T.S., is used regardless of the point of set-up since 
the spiral deflections desired are those from the T.S. of an equivalent 
simple transition. The circular curve deflections are computed for 
the curvature at the point of set-up as in method 2. 

In examples 14 and 15 a 10-chord spiral is used. In example 14 the 
entire curve is visible from the 8.C., and in example 15 an intermediate 
set-up is required. 
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EXAMPLE 14.—-Computations of deflection angles for 10-chord spiral. 
Entire curve visible from S.C., 


Given: D,\=2° D2=6° La=140 feet. S.C.; at station 35+40.10 and stations increase 
towards S.C... 


140 (6 9) 2.89 140 _ 
639 (6-2) =2.8°. Chord=+5=14.0 feet. 


¢ for spiral computed by multiplying coefficients in first column of table VI by 2.8°. 
Set-up on 8.C., 























L o ' 
; | ; ¢ Deflection an- 
Point Station ys) for spiral afer gle ¢ 

(oN oy elit ca i fa 304-40) 10 [oc eeet foe ee ae SE eee FER beers ee ry 
Peer rok. bah . ohh au +54. 10 14 | 0.00832. 8=0.009°| 0. 140° 0. 149° =0°09’ 
SS es oe +68. 10 28 01332. 8= >. 037 . 280 Ja17 =0°19" 
pe Seo dee 25 +82. 10 42 . 0300*2.8= . 084 . 420 . 504 =0°30’ 
Coe ae Ses Baan +96. 10 56 . 0533 X2. 8= . 149 . 560 .709 =0°43’ 
- te ee 36+10. 10 70 . 08332.8= . 234 . 700 . 934 =0°56’ 
ol SS ee +24. 10 84 .1200X2.8= . 336 . 840 eS ir ROES RAY 
eee es ar te +38. 10 98 ibaa C2s6— SAT . 980 i 2S na bea 
ns ee ee +52. 10 112 #2133X2.8= . 597 1. 120 1.717 =1943' 
a PAS A aig tee ae +66. 10 126 . 27002. 8= .757 1. 260 2.0L fo —=2 Ul. 
OL SE a ee 36-+80. 10 140 43333 X2.8=' 5,933 1. 400 24333. -—=2°20° 


EXAMPLE 15.—Same conditions as example 14 except that beyond point 6 
curve cannot be seen from S.C., 


D at point b= P+— (6°29) =4.4° 





Set-up on point 6. 


Points L ’ o : 
Point Station | from | from for spiral for spent 
point 6 | point 6 D==4;4° 8 














Re od) B5-+-40. 10 6 84 |0. 12002. 8=0. 336° | 1. 850° 1, 514° =1°31' 
OP Ae eee -| 36424. 10 0 0 0 0 0 

Ne ee eee +38. 10 1 14 | .0033X%2.8= .009° | .308° . 317° =0°19" 
Se eee +52. 10 2 28 | .0133X2.8= .037 . 616 . 653 =0°39’ 
Sn Pa Ae BD +66. 10 3 42 | .03800X2.8= .084 . 924 1.008 =1°01’ 
BA... 50--3-- | | 864-80..10 4 56 | .0533XK2.8= .149 | 1.232 1.381 =1°23’ 





ADJUSTING ALINEMENTS OF SIMPLE CURVES FOR 
TRANSITIONS 


The practice of first projecting an alinement of simple curves and 
tangents and later adjusting it to permit insertion of transitions is not 
recommended. This method is not only laborious but may upset the 
original design, especially if long transitions are necessary. Shifting 
the center of the simple curve appreciably or changing its degree is 
required. Additional difficulties are encountered if the length of 
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tangent between simple curves is too short to permit insertion of — 
transitions. on] 
Some of these difficulties may be alleviated to some extent by men- 
tally making allowances in the initial field work or paper projection for: 
the future insertion of transitions. Allowance may be made for an 
increase in the tangent distance of a simple curve by an amount ap- 
proximately equal to distance k, which is closely one-half the length 
of the transition. Allowance may be made for an increase in the ex- 
ternal distance by an amount equal to the throw, p, if the center of 
the simple curve is retained and the radius reduced to permit insertion 
of the transitions. If the radius of the simple curve is retained and 
the curve shifted bodily, the allowance for an increase in the external 
: : A 
distance is p~cos 5" 
In adjusting simple curves to permit insertion of transitions the 
following cases are encountered frequently: 
(a) Simple curve, equal transitions.—If the radius of the curve is 
unchanged in length, p and k may be computed directly by the use of 
table II and the center moved bodily along the bisector of the central 


angle an amount equal to p~cos 5 - This also represents the increase 


in #,. The increase in T,=k+>p tan . 


If the center of the curve is retained the radius must be reduced. 
generally, resulting in an odd value of D,. In this case p is computed 
for the revised D, and the desired L,. It must equal the decrease in 
the radius. If it does not a new radius is tried. Trial and error may 
be reduced by first computing p for the original D, and desired L, and 
using it as a guide in reducing the radius. When p, D,., and. L, con- 
form to one another k may be computed. #, is increased by an amount 
equal to p. T', is increased by an amount equal to k. 

(b) Simple curve, unequal transitions.—If the radius of the curve is 
retained, p and k may be computed for each transition and the center 
of the curve moved until the P.C. and P.T. are off-set from the respec- 
tive tangents by distances equal to the respective values of p. This 
adjustment may be made by first moving the center of curve perpen- 
dicular to the tangent at the P.C. an amount equal to p for the transi- 
tion at the P.C. and then moving the center of curve parallel to the 
same tangent until the P.T. of the curve is offset from its tangent a 
distance equal to the corresponding p. The amount of the second 
shift may be found by geometry to be equal to PPOs 
p: is the p-distance at the P.C. and pz the p-distance at the P.T. If 
A is greater than 90° it should be recognized that the cosine is nega- 


in which 
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tive; making the expression above the line a sum instead of a difference. 
The change in each 7, may be computed readily, but the change in 
E; which is not required to the nearest hundredth of a foot may be 
more readily measured from a scaled lay-out. 

» Where unequal transitions are necessary the center of the curve can- 
not be retained. It may be retained temporarily and the radius ad- 


_ justed to fit the p and L, at the P.C. after which the p at the P.T. may 








The amount of this move may be found by geometry to be 








be computed. The center of the circle must then be moved parallel 
to the tangent at the P.C. until the P.T. is offset from its tangent a 
distance equal to the corresponding p. The amount of this movement 
may be found by geometry to be equal to ae 
distance at the P.C. and p, the p-distance at the P.T. If the result 
is positive the center of the curve is moved away from the P.I. If it 





in which p, is the p- 


_ is negative the center of curve is moved closer to the P.I. 


(c) Compound curves.—Laborious geometry is required to adjust an 


| alinement of tangents and compound circular curves to permit inserting 
| transitions at the P.C., P.T., and each P.C.C. The curves must be 
| adjusted so that each curve is offset from each tangent a distance equal 
_ to the corresponding p and the circular curves at each P.C.C. are sep- 
arated by a distance equal to the corresponding p, with the sharper 
_ curve inside the flatter curve. Care must be exercised in choosing 
_ transitions to see that they do not overlap. 


One method of adjusting compound curves to permit insertion of 


| transitions is to retain the degrees of curvature of all curves, calculate 
| the offset distances p and p, and adjust all centers of circles starting at 
| one main tangent and proceeding around to the other. This may best 
_ be illustrated by assuming an alinement consisting of two main tan- 


gents between which are three circular compound curves which may 


_be labeled A, B, and C, curve A being adjacent to the P.C. and curve 
| C adjacent to the P.T. The steps are as follows: 


(1) Move centers of all curves perpendicular to the tangent at the 


_ P.C. a distance equal to the distance p for the transition at the P.C. 


(2) Move centers of curves B and C parallel to the common radius 


' for curves A and B a distance equal to the. distance p, at that P.C.C. 


(3) Move center of curve C parallel to the common radius for curves 


| B and C a distance equal to the distance p, at that P.C.C. 


(4) Calculate the new position of the P.T. with respect to the tan- 


gent at the P.T. in view of all shifts made thus far. A scale diagram 
| of the shifts aids considerably. 


(5) Move all centers parallel to the tangent at the P.C. until the 


P.T. is offset from its tangent a distance equal to the corresponding p. 


Potd 


. in 
sin A 
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which p. is the p-distance at the P.T. and d is the perpendicular 
distance from the P.T. to the tangent found by step (4). The plus 
sign is used when the P.T. prior to this move falls outside the tangent 
and the minus sign is used when it falls inside the tangent. 

The change in each 7, may be computed readily but the change in 
E, may be found more readily by scale from a drawing. Trial and 
error methods are not used in adjusting compound curves as outlined 
above. If, however, this procedure results in an unsatisfactory posi- 
tion of the center line and a shift is required by changing one or more 
radii, trial and error may be required to fit the alinement to the location 
desired. 

(d) Reverse curves separated by tangent.—When simple curves of 
opposite direction are separated by a tangent, each curve may be 
treated as a separate problem and adjusted to permit insertion of a 
transition between it and the fixed tangent. It may be impracticable, 
however, to move or change the radii of the curves. With this condi- 
tion imposed, space for inserting transitions may be provided by 
lengthening both curves so that the tangents at the new P.C. of one 
curve and new P.T. of the other are parallel to each other and a dis- 
tance apart equal to the sum of the p-distances for both transitions. 
The problem and its solution are shown in figure 4. 

(e) Simple curves separated by tangent (broken back curves).—Simple 
curves in the same direction separated by a tangent should be avoided 
as dangerous since many drivers will not expect successive curves in 
the same direction. Also, when both curves and tangent are visible 
at one time they are particularly unsightly. If a transition is inserted 
between each curve and the tangent some improvement results but 
a more effective method is to connect both curves by another curve. 
The radius of the connecting curve then may be increased to provide 
a distance, pa, at each P.C.C. for the insertion of transitions. The 
problem is simplified by assuming a value for the radius of the con- 
necting curve. The solution is shown in figure 5. 


WIDENING PAVEMENTS ON CURVES 


Extra width of pavement is provided on curves because a vehicle or 
train of vehicles occupies extra width and because it is difficult to keep 
vehicles to the center of the occupied lane. Minimum required sight 
distance has also been offered as a reason for providing extra width, 
but this might better be provided by removing obstacles outside the 
pavement limits. 

When a vehicle travels on a curve at the speed at which the effects 
of superelevation counteract exactly all centrifugal force, no friction 
in a radial direction occurs, the rear axle is radial, and the rear wheels 
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track inside the front wheels. At greater speeds friction is required 
to counteract centrifugal force and the rear wheels assume a position 
farther out in order to provide the “‘slip angle’ necessary to develop 
the required friction. As the speed is increased a point is approached 
where the rear wheels track outside the front wheels. 


PROBLEM: TO INSERT TRANSITIONS BETWEEN SIMPLE 
REVERSE CURVES SEPARATED BY TANGENT 


KNOWN: — ,, Ra, TANGENT DISTANCE. 7, AND p, AND 2 


FIND: ANGLE A SUCH THAT TANGENTS AT 
NEW PT. ANDPC. ARE p,+ p, APART, 
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-Ficure 4.—Transitions for reverse curves. Sum of both spiral lengths for which p; and pz 
_ are calculated’ should be somewhat less than twice the original tangent distance T or S.T. 
and T.S. will overlap. ; 
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PROBLEM: TO SUBSTITUTE TRIPLE COMPOUND CURVE FOR 
A BROKEN BACK CURVE HOLDING ORIGINAL CURVES, 
THEN INCREASING R. TO INSERT TRANSITIONS. 


KNOWN: Ry, Ro, AND 7 
ASSUME.: R 
FIND : A, AND Ap 





ORIGINAL CURVES RETAINED 











SOLUTION Os | 
TRIANGLE 0,0, A 1S SOLVABLE | 

AFTER WHICH — 
TRIANGLE 0,0,0, IS SOLVABLE 


A,= 90°-Z A0,0; 
A,= 180° - L A 0,03 


FIGURE 5.—Transitions for broken back curves. 


Trailers are usually pulled with flexible connections so that, at speeds 
at which the effects of superelevation counteract all centrifugal force, 
the trailer wheels track inside the rear wheels of the tractor, adding to 
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the extra width required. As the speed is increased the trailer assumes 
positions farther out on the curve to a point where it may line up with 
the driving vehicle and at excessive speeds the longitudinal axes of the 
driving vehicle and trailer may form a bend opposite to the curve of 
the road. Certain conditions, such as a piece of rough pavement or 
jerks on the tongue of the trailer, tend to correct this tendency to slip 
outwards for short periods of time resulting in the ‘‘whipping”’ action 
noted when trailers travel at high speeds. This whipping action is 


- further increased with an increase in the number of trailers. Improve- 


ments in couplings, springs, etc., have decreased this tendency and 
further improvements may be expected. On icy pavements the small 
friction factor requires a large slip angle to develop the required fric- 
tional resistance so that the positions assumed by the rear wheels of 
the driving vehicle and the trailer wheels tend to be farther out than 
when traveling at the same speeds on rougher pavements. 

The committee on road design of the American Association of State 
Highway Officials recommends the following formula for computing 
the widening for a two-lane pavement, 


W=R—-VBHD+ 7 


in which L is the wheel base of the vehicle in feet. A value of 20 feet 
for L is recommended by the committee. 

By simple geometry R—VR?—L? represents the additional width 
required for each lane because the rear wheels track inside the front 
wheels when the speed of the vehicle in rounding the curve is that 
for which the pavement is superelevated. The use of 20 feet for L 





appears to be reasonable in view of the fact that the wheelbases of 


less than 10 percent of all busses manufactured in 1931 to 1937, inclu- 
sive, exceeded 20 feet in length and practically no 1937 trucks exceeded 
this dimension. Of 583 commercial vehicles of various makes and 
body types described in the July 1935 issue of the Commercial Car 
Journal only 11 had a wheelbase exceeding 20 feet and but 1 exceeded 
21 feet. 

Other factors affecting widening pavements on curves cannot be 
evaluated readily. At low speeds slippage of rear wheels increases 
the extra width occupied by a vehicle and trailer wheels track farther 
inside the rear wheels of the pulling vehicle than when traveling at 
the speed for which the effects of superelevation exactly counteract 
all centrifugal force. These extra widths, however, are small com- 


pared to the extra width required because of the difficulty of keeping 


a vehicle to the center of the occupied lane at high speeds, and due 
to the sideslip of the rear wheels and trailer wheels at high speeds to 


46 TRANSITION CURVES FOR HIGHWAYS 


develop the friction necessary to counteract centrifugal force. It 
may be stated, however, that the required extra widths as described 
increase with an increase in speed. It is therefore suggested that 
the second half of the expression for widening, which was probably 


V 
based on a design speed of 35 miles per hour, be changed to VR resulting 


in the following formula, 
i rah i hy is 
N n[R—VR*— 400] + 7 
in which n represents the number of lanes and V represents the speed 
in miles per hour. 

Theoretically the entire expression should be multiplied by the num- 
ber of lanes but it has been arbitrarily restricted to the first part of 
the expression due to the improbability of more than two large trucks 
or trains of trucks and trailers passing each other at the same time. 

Present practice regarding the degree of curvature below which no 
widening is required varies between 5° and 8°. It is suggested that 
no pavement requiring less than 2 feet of widening in accordance 
with the above formula be widened. This results in no widening on 
two-lane pavements on curves flatter than 4° for 70 miles per hour, 
5° for 60 miles per hour, 6° for 50 miles per hour, 7° for 40 miles per 
hour, and 8° for 30 miles per hour. 

Table IX shows widening for pavements on curves to the nearest 
foot. For simplicity the table is limited to one column for two-lane 
pavements and one column for four-lane pavements, the speed used 
in each case being the maximum of the assumed design speeds used 
herein for each degree of curvature. The lower values resulting when 
computing widening for some of the curvatures at lower speeds are 
lost when rounding to the nearest foot. 

Tests and observations of driving habits indieate that for safe and 
comfortable driving a traffic lane should be at least 11 feet wide. It 
is not intended to delve into this subject in this discussion but to point 
out that the table of widening is reasonable for pavements 22 feet 
and 44 feet wide for two and four lanes, respectively. If wider lanes 
are adopted the figures in the table should be reduced by the standard 
widths in excess of 22 and 44 feet. Likewise if lanes narrower than 
11 feet are used, the figures in the table should be increased by the 
amounts 22 and 44 feet are in excess of the standard widths. 

Under existing practice where transitions are either not used at all 
or if used are often entirely too short, widening on curves is always 
placed entirely on the inside. This is usually combined with some 
form of gradual change from the standard width to create, in effect, 
a short transition. 



































TRANSITION CURVES FOR HIGHWAYS 47 


Widening may be placed entirely on the inside where the curves 
are properly transitioned. A separate transition may be designed as 
described on page 32. The widening may also he effected by making 
the widening zero at the T.S. and a maximum at the S.C. or at the 
S.C.S. of a curve transitional throughout. The widening at inter- 
mediate points may be proportional to the distances from the T-S. 
Maximum widening should be used for the entire length of the circular 
portion of the curve. In the field the normal center line is first located 
and the edges of pavement located from it by perpendicular distances 
which are equal to half the standard width of pavement for the out- 
side edge and half the standard width of pavement plus the widening 
for the inside edge. The actual center line of the pavement will fall 
inside the normal center line. It may be located from the normal 
center line by perpendicular distances equal to half the widening. 
This method results in smooth curves for the edges of pavement 
except at the S.C. and more especially at the S.C.S. of a curve transi- 
tional throughout where a break at the inside edge of the pavement 
may be noticeable. This may be remedied, nowever, by making the 
widening at this point the mean of the computed widening 20 feet or 
so each side of the point or by eve adjustments of the stakes or forms 
in the field. 

Where curves are properly transitioned widening may be divided 
equally on both sides of the normal center line. This results in a 
slight reduction in the length of transition for the outer half of the 
pavement but this is not important where adequate transition lengths 
are used. As in the case of applying widening entirely on the inside, 
widening may be made zero at the T.S., a maximum at the S.C. or 
at the S.C.S., and proportional to the distances from the T.S. at inter- 
mediate points. Maximum widening should be used for the entire 


| length of circular curve. In the field the normal center line is first 


located and the edges of pavement located from it by perpendicular 
distances which, for both edges of pavement, are half the normal width 
of pavement plus half the widening. Breaks may be noticed at both 
the inside and outside edges of pavement at the S.C. or S.C.S. but 
they are much less noticeable than the break at the inside edge where 
the entire widening is applied on the inside. 

Where the widening is divided evenly on both sides of the normal 
center line a reverse curve will result for the outer edge of pavement 
near the T.S. This should be avoided by extending the tangent on 
the outer edge of pavement past the T.S. to a point where the curve 


- falls inside of it. In field practice this can be done when locating the 
- outer edge of pavement by moving any stakes which fall outside the 
_ tangent produced in to this line. The loss in widening near the T.S. 


will be negligible and the break at the point where the tangent produced 
meets the curve of the outer edge’of pavement will be imperceptible. 


53509 O—38——4 
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Figure 6 shows both methods of widening for the sharpest permissible 
circular curves and the shortest transitions for these curves for assumed 
design speeds of 30 and 50 miles per hour. 


RIGHT-OF-WAY LINES IN RELATION TO TRANSITIONS 


There are three general methods of purchasing and describing 
right-of-way for highway improvements: (1) By purchasing irregular 
areas and describing the enclosing right-of-way lines by metes and 
bounds referenced to existing property lines, (2) by purchasing to 
right-of-way lines parallel to and at designated distances from the 
highway center line and referencing them to the center line, and (3) 
by purchasing to right-of-way lines parallel to and at designated dis- 
tances from the highway center line and describing the right-of-way 
lines by metes and bounds. 

(1) This method is not affected by transitions. Generally the re- 
quired right-of-way is marked by monuments and the described area 
tied in to existing property lines. 

(2) This method requires no special treatment due to fe use of 
transitions. If the plans of the State highway department define the 
transition as a curve in which the degree of curve (are definition) 
varies as the distance from the beginning of the transition, the center 
line is located definitely by the usual information shown on the plans. 

(3) Right-of-way lines parallel to a center line that consists of 
tangents and curves with transitions cannot readily be described by 
metes and bounds; and if a description of this character is desired, it 
is necessary to substitute a center line consisting of tangents and simple 
compound curves, which at no point will vary materially from the 
established center line. When the substitute center line is established, 


| right-of-way lines may be handled by the same methods used for any 











alinement consisting of tangents and simple curves. 

A substitute center line may be fixed by replacing each transition 
with a curve of constant radius tangent to the normal tangent and 
compounded with the central circular curve at the 8.C. which becomes 
the P.C.C. The calculations for each substitute curve are relatively 
simple, the central angle being @, and the tangent distance being equal 
to the short tangent of the transition The radius may be computed 
by the formula R=S.7T.+tan - 

The station of the P.C. may be computed by adding to the station 
of the T.S. the difference between the long tangent and the short 
tangent of the transition as illustrated in example 16. 
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IexaAMPLE 16.—Afethod of substituting simple curves for transitions for 
purposes of describing right-of-way 


=9°, L.=300 feet. L.T.=200.58. S.T.=100.53 
8, = 13°30’ and station of T.S.=431+97.85 
R of substitute curve=100.53+tan 6°45’ =849.37. 
Station of P.C.=431+97.85+ (200.58 — 100.53) = 432--97.90 
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FiGURE 7,—A method of substituting simple curves for transitions for purposes of right-of-way descriptions. 


SIMPLE CURVE SUBSTITUTED FOR TRANSITION 
FOR PURPOSES OF RIGHT OF WAY DESCRIPTIONS ONLY 
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Figure 7 shows the suggested method for substituting constant radius 
curves for transitions. The simplicity of this method is counterbal- 
anced by the fact that, for long transitions and relatively sharp curves, 
the central portion of each substitute curve of constant radius may be 
a few feet outside the normal transition center line. For the maximum 
curvature of 25° used in the accompanying tables for transition lengths 
of 150, 200, 250, 300, 350, and 400 feet the central portion of the substi- 
tute curve falls outside the transition maximum distances of about 
1, 2, 3, 5, 6, and 8 feet, respectively. For a transition 500 feet long 
and a curve of 20°, the maximum shown for that length, the maximum 
distance is about 9 feet and for a transition 600 feet long and a curve 
of 16° the maximum distance is about 10 feet. Account may have to 
be taken of such conditions in some cases when deciding on the distance 
from the substitute center line to the proposed right-of-way line, 
increasing the distance on the inside and decreasing it on the outside 
of the curve. Any variation in this distance should be confined to the 
limits of each substitute curve and is not required for the tangent or 
for the central circular curve portion of the normal center line. 

Where curves are transitional throughout the same method may be 
used resulting in a single curve of constant radius. 


TABLES 
EXPLANATION OF TABLES 


Table I.—S is the recommended superelevation slope. Up to the 
practical maximum of 0.10 foot per foot S is sufficient for its effect to 
counteract all centrifugal force when a vehicle travels at three-quarters 
of the assumed design speed. 

L, is the recommended minimum transition length in feet. Lengths 
shown are at least sufficient to limit rate of approaching centrifugal 
acceleration to 2 feet per second cubed and to limit slope of outer 
edge of two-lane pavement with respect to the center line to 1 in 150 
for 30 miles per hour, 175 for 40 miles per hour, and 200 for higher 
assumed speeds. 

Curves sharper than those for which values are shown are con- 
sidered unsafe for the respective assumed speeds. Friction, in addition 
to the effects of superelevation, required to counteract centrifugal 
force would be greater than that represented by a factor of 0.16 for 
speeds up to 60 miles per hour and 0,14 for 70 miles per hour. 

Table II.—p, k, x, y, L.T., 8.T., and L.C. are shown for a transition 
1 foot long. To obtain the lengths for any transition multiply the 
values shown adjacent to the corresponding @ by the length of transi- 
tion. If 6@is any value other than an even 0.1° lengths may be obtained 
by interpolation with negligible error. «and y at any point distance L 
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from the T.S. may be obtained in a similar manner by computing 6 
at the point and multiplying the values adjacent to @ by L. 


ery: (doy 
95= “900 (7°) Os 


Table III.—T, and E, are shown for curves transitional throughout 
in which each transition is 1 foot long. To obtain the lengths for any 
curve transitional throughout multiply the values adjacent to the 
corresponding A by the length of each transition. If A is any value 
other than an even degree lengths may be obtained by interpolation 
with negligible error. 

If the location of the highway is controlled by a 7, or H; distance 
and a curve transitional throughout is desired, L, to fit may be com- 
puted by dividing T, or E, by the corresponding value in the table 
adjacent to the measured A, interpolating if necessarr. 

Table IV.—Each page shows 7’, and EF, for various combinations of 
L, and D, for one value of A. All combinations above and to the right 
of a zigzag line, indicating an assumed design speed, are safe for that 
speed or a higher speed. In addition to the assumed design speed 
highway location is controlled generally by an approximate E, or T, or 
both. To find the combination of D, and L, which fits, turn to the 
table for that value of A nearest to the measured A and from the area 
above and to the right of the zigzag line representing the assumed 
design speed, choose a combination such that the 7, or FE, or both 
shown are as Close as possible to the value or values which control the 
location. 

If the measured A is in even degrees 7', and E, are read without com- 
putations. If the measured A is not in even degrees 7’, and EF, may be 
interpolated between the values in the two nearest tables for the 
same combinations of D, and L, with negligible error. Thus if the 
measured A is 21°14’ and the table for A=21° shows that the combina- 
tion of D,=5° and L,=300 feet very nearly fits conditions, T, may be 
interpolated between 362.90 taken from the table for A=21° and 373.29 
taken from the table for A=22° resulting in 7,365.32 feet. When 
interpolating, D, and L, remain unchanged, the variation in A being 
taken up in A,. 

T;, being given to the nearest 0.01 foot, may be subtracted from the 
station of the P.I. to obtain the station of the T.S. The functions of 
the chosen transition may be read directly from table V and the 
transition may be located with the aid of tables V, VI, or VIII. 





L, dD, . : ° 
9.= 909 OF it may be read directly from table V. 
A,-=A—29, 
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Table V.—The functions of the transitions for the various combina- 
tions of D, and L, shown in table IV may be read directly, each page 
covering one value of L,. After the T.S. is established by the use of 7’, 
obtained from table IV the S.C. may be located by means of z, and y, 
or L.T., S.T., and 6, or L.C. and ¢,. ¢. may be obtained directly from 
the right page of table V, being the deflection angle from the T.S. to 
point 10, the S.C. 

The right page of table V shows deflection angles for the transitions 
for the various combinations of D, and L,, shown in table IV. The 
deflections are from the T.S. to points on the transition obtained by 
dividing L, into 10 equal chords, each chord being equal to the length 
of arc for all practical purposes. 

Deflection angles to stations other than chord points may be obtained 
by interpolation with very small error. These small errors may be 
practically eliminated by subtracting from the interpolated value the 
value in column A in minutes for each foot of the distance from the 
station to the nearest chord point. 

Table VI.—Deflection angles from any chord point to any other 
chord point on a transition divided into 10 equal chords, each chord 
being equal to the length of arc for all practical purposes, may be 
obtained by multiplying the factors in this table by 6,. This method 
is especially useful when locating a transition which is not entirely 
visible from the T.S. and intermediate set-ups are necessary. It may 
he advisable sometimes to set up on an S.C. or C.S. and locate a transi- 
tion and the circular curve portion from the same set-up. Deflection 
angles from the S.C. or C.S. (point 10) may be computed using the 
last column of factors. 
| Corrections are rarely necessary since results to the nearest minute 
are close enough for all practical purposes. Corrections, when desired, 
_may be read from table VII after computing @ for the point of set-up, 
6 being the product of @, and the factor between the zigzag lines on 
the sides of table VI. 

Table VII.—Corrections in minutes are shown for various values of 
6 in the formula o=5- Gg 

Table VIII.—This table is similar to table VI except that the 
transition is divided into 20 equal lengths or chords. 

Table IX.—This table shows recommended widening of pavements 
for various degrees of curvature for two-lane and four-lane pavements. 

Table X.—This table shows maximum degrees of curvature con- 
sidered safe for various combinations of rate of superelevation, S, and 
speed, V, based on the relation, 


0.067 V? 


S+F=— 
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The friction factor F used in each case is that considered safe for the 
assumed design speed and is shown at the head of each column. 

Table X bears no direct relation to the tables for transitions. It is’ 
included to show, directly, the relation between the various factors 
entering into the design of circular curves. This table may be used, 
also, to determine safe speeds on existing curves. 

Extensions of tables IV and V for values of D, of 26° to 38°, inclu- 
sive, for L,=150, 200, and 250 feet will b2 found in the appendix. 
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FUNCTIONS OF IRANSITIONS 


Usep IN TABLE IV 





62° 67T 
VE°67T 
07° 67T 


S7°67T 
0S *67T 
7S°67T 


65° 67T 
€9°67T 
L9°67T 


TL°67T 
TL°67T 
BL°67T 


T8°67T 
73° 67T 
98°67T 


68° 67T 
T6°67T 
€6°67T 


76° 67T 
96° 67T 
L6°67T 


86° 67T 
66° 647T 
66° 67T 


66° 67T 
00° OST 
00° OST 


LS°00T. 


2S *OOT 
87° O0T 


V7°OOT 
07° O0T 
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LS°67T 
€9° 67T 
69° 67T 


7L°67T 
64° 67T 
€8°67T 


L8°67T 
T6°67T 
76° 67T 


96° 67T 
L6° 67T 
86°67T 


86° 67T 
66° 67T 
66°67T 
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NOw Oto w ro) ~t 
ANNO ROO 4 aN Ne) 
paste bs Gal hi et pa Li Pa 
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owt w ° rv) 
on Oo re) ve 
An ~~ “y 
° 
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ca 
fom) 






TRANSIT ON TS., 


Sel sd onde ala etna Sia ene ole sent a 


1-30 | 0-00.2 | 0-01.0 | 0-02.0 | 0-03.6 | 0-05.6 | 0-08.2 | 0-11.0 





Notes, -COd, A. 


For the deflection angle to a point other than a chord point simple 
interpolation may be used with no appreciable error provided a cor- 
rection is made where necessary. The value in column A is the unit 
amount of this correction in minutes per foot of the distance from 

the nearest chord point. In all cases the correction should be sub- 
tracted from the interpolated result. 
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L= 200 FT. TABLE V 


FUNCTIONS OF TRANSITIONS 


Usep IN TABLE IV 


T7* B6T 
LS°86T 


69° 86T 
T8° 86T 
26° 86T 


20° 66T 
eT’ 66T 
eo° 66T 


Te * 66T 
6€° 66T 
L7° 66T 


75° 66T 
T9° 66T 
L9° 66T 


EL*66T 
8L° 66T 
£8" 66T 


L8° 66T 
06° 66T 
€6°66T 


96° 66T 
L6° 66T 
86° 66T 


86° 66T 
66° 66T 
66° 66T 


69° 7ET 
BS°7ET 
87° 7ET 


BE* TET 


SZIVET 


6T° TET 


IT‘ VET 
€O* VET 
G6°CET 


88° EET 
eB° eet 
Sirtet 


69° €€T 
7O°EET 
6$°€€T 


GS°EET 
TSiGET 
L7*€eT 


77° €€T 
TE SET 
6tieeT 


LEP EET 
QC? SEE 
SE ter 


Ste Get 
TE° CET 
TE*EET 








€2°96T 
CS*96T 
08°96T 


L0°L6T 
€e*L6t 
85° LET 


TS°L6T 
70° 86T 
S2%°86T 


S7°86T 
€9° BET 
T8°86T 


L6° 86T 
2T° 66T 
92° 66T 


6€° 66T 
TS* 66T 
T9° 66T 


04° 66T 
BL° 66T 
S8° 66T 


06° 66T 
€6° 66T 
$6° 66T 
96° 66T 


36° 66T 
66° 66T 


|e °66 


2°66 
L7* 66 


TS°66 
$S$°66 
09° 66 


€9° 66 
49° 66 
TL° 66 


7L° 66 
LL* 66 
08° 66 


€8° 66 
S8° 66 
88°66 


06° 66 
26° 66 
€6° 66 


56°66 
96° 66 
L6° 66 


86° 66 
66° 66 
66° 66 


66° 66 
00° O0OT 
00*O00T 
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DEFLECTION ANcLes From I.S.to Ponts} L= 200 FT.. 


ON TEN CHORD SPIRAL FOR TRANSITIONS 
Usep in TABLE IV TABLE V 


we 


-00.0} 2-52.8] 3-55. 


0-55.0 1-19.2 1-47.8 
0-05.0] 0-20.0 | 0-45.0 | 1-20.0 | 2-05.0] 3-00.0] 4-05.0 


1-00.0 | 1-26.4] 1-57.6 
1-50.0] 2-38.4] 3-35.6 


§1.2) 1-20.0 | 1-55.2 
1-13.6 | 1-55.0 | 2-45.6]| 3-45.4 


36.0 | 1-04.0 | 1-40.0] 2-24.0] 3-16.0 





00 
~—t 
7 
jo) 
2.6) 
Se, 
rt 
! 
o 
‘Oo 
° 
| 
7 
© 
108) 
~t 
oO 
u 
Oo 
w 
° 
NX 
x 
oO 
YN 
qo 
° 
Oo 
N 
je) 
a 
jo) 
io) 
ay 
qo 





53509 O—38——12 
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> 
ul 
a 
< 
‘a 
fe 
Le, 
© 
La 
N 


Ss 


L 


FUNCTIONS OF TRANSITIONS 


Usep In TABLE IV 


TL°972% 
L6°972 
3242 


S7°L72 
89° L72 
68° L72 


OT’ S72 
62° 872 
L7° 372 


$9°372 
T3°372 
96° 372 


TT° 672 
72° 672 
9€° 672 


L7°672 
Lg°6%2 
99° 672 


TL° 672 
Tg° 672 
L3° 672 


26° 672 
V6°672% 
66° 672 


L6° 672 
86° 672 
66° 672 


eT*69T 
726° B9T 


eL° sgt 
7$°39T 
9€°B9T 


6T° 89T 
€0°89T 
88° LOT 


TL°LIT 
T9° LIT 
67° LOT 


Le * LOT 
Le°*Lgt 
LT°L9T 


80°L9T 
00° LIT 
€6°99T 


L3°99T 
28°99T 
LL°99T 


€L°99T 
cL °99T 
OL°99T 


69° 99T 
89° 99T 
891991 


Sh fo 
BL°€7Z 


OE *772 
08° 772 
Be°S7e 


YL°SYZ 
LT°9%72% 
89 °972 


L6°97Z% 
Ye We 
89° Li72 


00°S7z 
62° S872 
95°372 


T8° 872 
70° 672 
Veqore 


27° 67% 
LS°672 
04° 672 


T8° 672 
GB°672 
68° 672 


€6° 672 
G6°672 
L6°672 


LL*€2t 
98°€2T 
96°C2T 


YO" 72T 
ET Yet 
T2°72T 


62° 72T 
9€°72T 
evaret 


0S *72T 
99° 72T 
T9°V72T 


L9°V2T 
Ch FST 
OL*V2T 


08° 72T 
73° 721 
L8°72T 


06°72T 
€6°72T 
G6°72T 


LG7%et 
86°72T 
86°72T 


66°72T 
66°72T 
66°72T 











6 


17 














SIGHT ON POINT NO. 








DEFLECTION Anctes From I.8. To Ponts | L= 250 Fr. 


ON TEN CHORD SPIRAL FOR TRANSITIONS 
Usep in Tasce [V TABLE V 






























































































36.0] 0-56.2] 1-21.0]| 1-50.2 


43.8 | 1-03.0] 1-25.8 
40.0} 1-02.6] 1-30.0] 2-02.6 


44.0] 1-08.8 | 1-39.0] 2-14.8 
52.0] 1-21.2 | 1-57.0] 2-39.2 


48.0] 1-15.0] 1-48.0 






33.8 | 1-00.0 | 1-33.8 | 2-15.0] 3-03.8 
36.0 | 1-04.0] 1-40.0] 2-24.0] 3-16.0 
40.6 | 1-12.0] 1-52.6] 2-42.0] 3-40.4 
42.8 | 1-16.0] 1-58.8] 2-51.0] 3-52.8 
45.0 | 1-20.0 | 2-05.0] 3-00.0] 4-05.0 
47.2 | 1-24.0] 2-11.2] 3-09.0| 4-17.2 
49.6 | 1-28.00] 2-17.6] 3-18.0] 4-29.4 
51.8 | 1-32.0] 2-23.8] 3-27.00] 4-41.8 
54.0 | 1-36.0] 2-30.0] 3-36.0} 4-53.8 
0-25.0 | 0-56.2 | 1-40.0] 2-36.2] 3-45.0 


38.2] 1-08.0] 1-46.2 


TRANSIT ON T.S. 
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400 FT. TABLE V 


S 


L 


FUNCTIONS OF IRANSITIONS 


Usep in TABLE. IV 


€€° 762 
LL* 762 
61T°S62 


09°S6z 
66°S62 


(9£°962 


TL* 962 
$0° L62 
LE * L62% 


L9°*L62% 
$6°L62 
T° B6e 


97° 862 
69° 862 
06° 862 


60° 662 
92° 662 
27° 662 


GS ° 662 
L9° 662 
LL° 662 


$8° 662 
68° 662 
26° 662 


76° 662 
96° 662 
86° 66% 


76° E€OT 
65° COT 


L2*eot 
L6°20T 
69°Z20T 


27° ZOT 
9T* cot 
€6° TOT 


OL* TOT 
67° TOT 
O€* TOT 


oi “TOE 
$6°OOT 
03*OOT 


99° OOT 
€S°OOT 
27° O0T 


ze °OOT 
72° OOT 
9T*OOT 


OT*OOT 
80° OOT 
90*O0T 


70° OOT 
€0°OOT 
TO*OOT 


89° 702 
Of *70z 
76°C0O7% 


6S *€02 
9% °€02 
$6°202 


99° 202% 
BE * 702 
et’ cde 


L8° TO2% 
79° TO% 
€7* 102 


Ec? 107g 
70° T02 
88°002e 


eL° 002 
85° 002% 
97° 002 


Ge ° 002 
92° 002 
8T* 007 


TT* 002 
60° 002 
90° 002 


70° 002 
€0°002 
20° 002 


O° L382 
LE* 882 
O€ ° 682 


02° 062 
90° T6z 
88° T62 


99° 262% 
T7*€62 
IT*V6z 


8L° 762 
I7°S62 
00°962 


7$°962 
0° L62 
2S °L6% 


G6°L62 
7E° 362 
69° 862% 


66° 862 


9% ° 662 ; 


67° 662 


L9° 662 
GL° 662 
T3° 662 


L3° 662 
26° 662 
$6° 662 


ge°Lyt 
SO°S7T 
O2°37T 


9€°87T 
0S‘87T 
79° 37T 


LL°37T 
06°87T 
TO*67T 


€T°67T 
€2°67T 
€e°67T 


27° 67T 
TS°67T 
6S°67T 


99° 67T 
ZL°6VT 
BL°67T 


€8°67T 
88° 67T 
T6°67T 


G6°67T | 


96° 67T 
L6°67T 


86° 67T 
66° 67T 
66° 67T 
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DEFLECTION ANGLES FROM I.S. to Points | L= 300 Fr. 


on TEN Cuorp SPIRAL FOR TRANSITIONS 
Usep in TABLE. [V TABLE V 


8-29.41 10-28.4 
8-53.6] 10-58.2 
9-17.83 | 11-28.0 


45.0] 1-04.8 | 1-28.2 


37.6] 0-54.0 | 1-13.6 

33.6 | 0-52.6] 1-15.6]| 1-43.0 

38.4 | 1-00.0 |} 1-26.4] 1-57.6 

52.8 | 1-22.6] 1-58.8] 2-41.8 
2-52.6 | 4-08.4 
3-00.0 | 4-19.2 


37.8 | 1-07.2 | 1-45.0 
46.0 | 1-21.6 | 2-07.6 | 3-03.6]| 4-09.8 


0-56.8 | 1-40.8 | 2-37.6 


S 
|= 
lk 
jz 

O 

QO. 
j= 

O 

fe 

ie 

O 

Y) 

kK 

= 

Oo} 

= 

Y 
j= 

<— 

ac 

‘oa 


28.8 | 1-04.38 | 1-55.2 
0-07.6 | 0-30.0 | 1-07.6 | 2-90.0 | 3-07.6 | 4-30.0]} 6-07.2 


27.6} 1-02.2 | 1-50.4 





1-30 | 0-00.4 | 0-01.8 | 0-04.0 | 0-07.2 | O-11.2] 0-16.2 
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L= $350 FT. TABLE V 


{ 


FUNCTIONS OF IRANSITIONS 


Usep in TABLE [V 


TO" T7E 
Tht’ 
BESTE 


€CO°CVE 
VO°EVE 
ce°vve 


6L°77€ 
2E STE 
eB STE 


Or 97E 
GL°9OTE 
9T° LTE 


GS° LYE 
T6° LTE 
G2° sve 


SS°87¢ 
EB’ SVE 
LO* 67€ 


6¢* 67E 
87° 67E 
79° 67€ 


LL° 67€ 
28° 67E 
L8°67€ 


T6° 67€ 
76° 67€E 
L6°67€ 


9G°€2T 
66° 22T 
T7°2%eT 


€6° Tet 
VF Tot 
86° O2T 


7S" 0% 
€T°O2T 
SL°6TT 


6€°6TT 
S$O°6TT 
7L°STT 


S7°STT 
BT° Stitt 
76°LTT 


TL° LTT 
TSP LTT 
€€°LTT 


ST° LTT 
VO°LIT 
€6°9TT 


€8°9TT 
6L°9TT 
94° 9TT 


€L°9Tt 
Tir 9Tt 
69°9TT 


838°072 
92°O072 
L9°6E2 


OT’ 6£€2 
LS° Ee 
90° 8€2% 


65° LES 
7° LES 
eL°9€% 


ef °9E2 
G6°SE% 
19° SES 


62° SE2% 
00°SEz 
CL°7ES 


87° 7Ez 
92° 7E2 
LO? 7€Z 


68° CES 
GL°EES 
c9° EES 


eS ° EES 
LY EGC 
bg ab 5 4 


O7°E€Ez 
Be EEC 
GE “ECS 


Wo Lee 
ST-E6E 


2S TEE 
LB°SEE 
9T° LEE 


6€° BEE 
LS ° 6€€ 
89° O7E 


Eo UTE 
A ae 6 
GO°ETE 


es" 77E 
€C€*STE 
LO*97E 


SL°9OTE 
9€° LTE 
26° LTE 


Ov" B7E 
€B° STE 
ST 67E 


87° 67E 
09° 67€ 
TL* 67€ 


Og* 67€ 
LB°67€ 
C6°67E 


T6°TLT 
9T*2LT 


OT ent 
€9°2LT 
S8°2LT 


SO°ELT 
G2°ELTt 
vT°ELT 


29° ELT 
BL°ELT 
T6°ELT 


60° 7LT 
oe vul 
TE*7LT 


97° 7LT 
95° 7LT 
S$9°7LT 


CL Lt 
O8°7LT 
98°7LT 


T6°7LT 
€6°7LT 
S6°7LT 


L6°7LT 
86° 7LT 
66°7LT 
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DEFLECTION ANGLES FROM I.S. 10 Points | = 350 Fr. 


On TEN Cuorb SPIRAL FOR TRANSITIONS 
Use in Tape IV TABLE V 


8-29.4] 10-28.4 
8-57.6]| 11-03.2 
9-25.8| 11-37.8 
9-54.0] 12-12.4 


8-12.0| 10-22.2] 12-47.0 
8-34.4 | 10-50.2] 13-21.6 
8-56.6| 11-18.4] 13-56.2 
9-19.0] 11-46.4] 14-30.6 


0-19.0 | 0-25.8 

43.8 | 1-03.0 | 1-25.8 

33.6 | 0-52.6 | 1-15.6] 1-43.0 

2-18.6 | 3-08.6 

37.8 | 1-07.2] 1-45.0 | 2-31.2 | 3-25.8 


1-01.2 | 1-28.2 
O] 3-38.8]| 5-14.8] 7-08.4 


4| 3-30.0] 5-02.2 


56.8 | 1-40.8 | 2-37.6 | 3-46.8]| 5-08.6 
es 
2-20 


44.2] 1-18.4] 2-02.6| 2-56.41] 4-00.0 
50.4 | 1-29.6| 2-20.0| 3-21.6]| 4-34.4 
53.6 | 1-35.2] 2-28.8 | 3-34.2]| 4-51.4 
26.6] 0-59.8 | 1-46.4]| 2-46.2 | 3-59.4] 5-25.6 


41.0 | 1-12.8 | 1-53.8] 2-43.8 | 3-43.0 
47.2 | 1-24.0] 2-11.2 


34.6 | 1-01.6] 1-36.2 


|S 
Iz 
le 
a 
S 
QO. 
|Z 
Ks) 
lk 
|x 
|S 
A 
”Y 
KE 
= 
ro) 
= 
Y) 
Da 
< 
id 
be 


29.4| 1-06.2] 1-57.6| 3-03.8] 4-24.6] 6-00.0 
30.8] 1-09.4] 2-03.2]| 3-12.6] 4-37.2] 6-17.0 
32.2) 1-12.4| 2-08.8] 3-21.2]| 4-49.6] 6-34.0 


28.0] 1-03.90] 1-52.0] 2-55.0] 4-12.0 





1-30 | 0-00.6 | 0-02.2]| 0-04.8 | 0-08.4] 0-13.2 
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FUNCTIONS OF TRANSITIONS 
Usep In TABLE. IV 


L- 400rtT. Taste V 


€9°9BE 





99° LBE 
99° 88E 


T9° 68€ 
€S°O6€ 
07° T6E 


72° 26€ 
€O°C6E 
LL° €6€ 


87° 76€ 
ST°S6E 
LL°S6€ 


SE°96E 
68° 96€ 
6€ *L6E 


73° L6E 
Se*B6E 
29° B6E 


76° 86€ 
ee ° 66€ 
97° 66€ 


S9° 66€ 
€L° 66€ 
08° 66€ 


93° 66€ 
T6° 66€ 
$6° 66€ 


TOr ETT 
OT*27T 


Te? T7T 
95° OVT 
63° 6€T 


8T°6ET 
95° SET 
L6°LET 


€7° LET 
26° 9€T 
V7" 9ET 


00° 9€T 
09°SET 
€2°SET 


06° 7ET 
O9°7ET 
EE TET 


OT’ VET 
68° CET 
cL eet 


BS° CET 
25° GGL 
LT? CET 


eV Ech 
O7°€€T 
LE°eeT 





TT eLz 


€g°e7T 


BT°LLe 
Le*9Le 


07° SLz 
85° 7L2 
TS*ELz 


80° ELZ 
OF tLe 
94° TLE 


9T* TL? 
09° 0L2 
80° OL? 


09° 692 
9T° 692 
94° 892% 


6€ ° 892 
90° 892 
9L°L9e 


TS°L92 
82° L92 
60° L92 


76°992% 
8B°992 
e8°9g9e 


LL°992 
€L°992 
TL° 99% 


8T° OTT 
2e°90T 
ce COL 





9T° 86 
G0°76 
68° 68 


69°S8 
77°13 
ST° bd 


28° CL 
97°89 
90°79 


e9° 6S 
9T°SS 
99°0S 


71°97 
65° T7 
€O°LE 


Ti°2é 
73° Le 
ea a 


6$°8T 
Le°g9T 
G6°ET 


€9° TL 
Oe °6 
86°9 








6° OLE 


ZB CLE 
B6°7LE 


GO°LLE 
70° 6LE 
76° OSE 


9L°2BE 
0S °78€ 
7T°98E 


OL" LE 
LT° 68€ 
GS°O6€ 


73° T6E 
7O°€6E 
VT°76€E 


ST°S6E 
LO°96€ 
68° 96€ 


29° LOE 
G$2°S6€ 
BL° BEE 


e2° 66€ 
07° 66€ 
95° 66€ 


OL° 66€ 
08° 66€ 
68° 66€ 








€0°S6T 
T7°S6T 
BL°S6T 


€T°96T 
L7*96T 
0g°96T 


OT*L6T 
07° L6T 
89° LET 


76°L6T 
8T°SéT 
27° BéT 


€9°86T 
78° S6T 
20° 66T 


6T* 66T 
7E*66T 
87° 66T 


09° 66T 
TL* 66T 
08° 66T 


L8° 66T 
06° 66T 
€6°66T 


$6°66T 
L6° 66T 
86° 66T 


OOO 
wow 
INCRE’ 


ON 


~t oO 
N 


OOO 


™N 
N 
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DEFLECTION ANGLES FROM I.S. To PoINTS 
ON TEN Cuorb SPIRAL FOR TRANSITIONS 
Usep in TABLE [V 





Pibidivk Gund Soll 


8-37.6] 10-38.4 
9-09.8 | 11-18.0 


9-42.0| 11-57.6 


8-05.8 | 10-14.2 





8-31.2 | 10-46.2 
8-56.6 | 11-18.4] 13-56.2 
9-22.2 | 11-50.4] 14-35.6 


9-47.6 | 1l2- 








™ 
~t 
uw 
! 
ay 
aa 
a) 
~t 
wm 
| 
N 
fA 
oO 
cr 
Liaw 
' 
Oo 
pa 
ae @) 
Oo 
~t 
| 
bt 
~t 
Ww 
rm 
uN 


5-31.0] 7-30.2 
5-59.8] 8-09.2] 10-38.4 


5-16.46] 7-10.8 


» SIGHT ON POINT NO 


40.0 |] 0-57.6] 1-18.4 

1-20.0 | 1-55.2] 2-36.8 

2-10.0 | 3-07.2] 4-14.38 

1-29.6 | 2-20.0 | 3-21.6| 4-34.4 
3-10.90 | 4-33.6]| 6-12.2 

2-08.00} 3-20.90] 4-48.0] 6-31.6 


0-09.6 | 0-15.0 | 0-21.6] 0-29.4 
2-40.9]}] 4-10.9 


43.2 | 1-16.8 | 2-00.9 | 2-52.8 | 3-55.2 














TRANSIT ON T.S 


28.8} 1-04.8 | 1-55.2 | 3-00.0]| 4-19.2 


36.8 | 1-22.8 | 2-27.2]| 3-50.90 


38.4] 1-26.4 | 2-33.6 


25.6 | 0-57.6 | 1-42.4 
O0-10.0 | 0-40.00] 1-30.90 





1-30 | 0-00.6 | 0-02.4 | 0-05.4 
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500 rr. TABLE V 


Ss 


L 


FUNCTIONS OF TRANSITIONS 





Usep In TABLE. [V 


82°37 


68° 7387 
€7° 987 
88°L37 


S%* 687 
SS °067 
94° T67 


68°%67 
€6°C67 
06° 767 


8L°S67 
85°967 
O€ *L67 


€6°L67 
87° 367 
76° 367 


ZE° 667 
87° 667 
&9° 667 


€L° 667 
€8° 667 
06° 667 


8L°6LT 


T7° SLT 
eT LkT 
26°SLT 


Te°7LT 
BL°EdT 
€8°eLt 


S6°TLT 
Tt Tet 
T7°OLT 


SL°69T 
ST°69T 
€9°89T 


9T°89T 
9L° LIT 
€7° LIT 


ST L491 
VO" LIT 
76°99T 


98°99T 
64°99T 
TL°99T 


89° LTE 


BT°97E 
BL°77E 
87° ETE 


9z°eve 
FL ance 
60° OVE 


ET pet 
S@° SEE 
S7° LEE 


eh 9€e 
LO°9€E 
67° SEE 


B6°7EE 
79° TEE 
he 459 


L8° eee 
fel £45 
€9° eee 


YS*Ece 
Lv Sct 
we ad 





6L°E72 


BE°772 
S6°772 
87°S72 


00°972 
87°97 
26°972 


ode Wes 
EL ere 
60° 872% 


27 Bye 
ZL° sve 
66°3872 


22° 672 
€7* 672 
09° 672 


TL° 67% 
08° 672 
98°672 


06°672 
76° 672 


96° 672 
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DEFLECTION ANGLES FROM I.S. to Points | L= 500 Ft. 


ON TEN CHORD SPIRAL FOR TRANSITIONS 
Usep in TABLE IV TABLE V 


wo 
e 
LS 
c 
4 
q 
to 
e 
uN 
nN 
! 
On 


N 
i 
* 
N 
par) 
N 
e 
oO 
oO 
' 
Le } 
x 
~t 
oO 
w 
' 
i 


8-31.2 | 10-46.2 | 13-16.8 
9-03 70) 12-26.4 14-06.0 





43.8 | 1-03.0 | 1-25.8 


37.6 | 0-54.0 | 1-13.6 
32.0 | 0-50.0 | 1-12.0 | 1-38.0 


25.0 | 0-36.0 | 0-49.0 
31.2 | 0-45.0 | 1-01.2 


49.6 | 1-28.0 | 2-17.6 | 3-18.0 


“TRANSIT ON TS. SIGHT ON POINT NO. 
34.0] 1-16.6 | 2-16.0 | 3-32.6.] 5-05.8 | 6-56.0 


30.0 1-07.6 2-00.0 3-07.6 


32.0 | 1-12.0 | 2-08.0 | 3-20.0 
0-10.0 | 0-40.0 | 1-30.0 | 2-40.0 | 4-10.0 | 5-59.8 | 8-09.2] 10-38.4 | 13-26.6 | 16-33.4 


1-30 | 0-00.8 | 0-03.90 | 0-06.8 | 0-12.0 | 0-18.8 | 0-27.0 | 0-36.8 
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FUNCTIONS OF IRANSITIONS 
Usep in TABLE LV 


GOO FT. TABLE V 


S 


L 





67° 18S |T7° 712% 72°6SS |TT°€6z 
TL°EBS 19S°2T2e €0°79S |76°€62 
6L°S8S JE8°OT2 6S5°89S |TL*762 


VL°LES |L%°602 OL*TET JOB*eLs |€7°Sé2 
7S°68S |738°LO% LT°%2T |7L°9LS |60°962 


Oz°Tés |7S°90z2 67°ZTT |O7°O8S |TL°96z 


cL 26S |LE°SO? 89°2OT |9L°E8S 18e%°Léz% 
OT* 76S €°702 9L°%E 1 TB°98S 16L°L62 
£°S6S 107°€02 EL°es 19S°68S [S%*86e 


27°96S 165°202 T9°%L =166°T6S 199° 862 
LE*L6S |06°TO% |60°207 |6E°%9 |TT°76S 120° 662 
LT°S6S |Z€*TO% |S7°TO7 JOT’ 2s 06°S6S |2%€°662 


E8°B86S 178°00% |26°007 ISL°*T7 |LE*LES 195° 66% 
OT°66S |79°00% |TL°O07 195°9€ |66°LES 199°662 
€°66S |L7°00% |2S°007 |9E°TE |2%5°86S 194° 662 


7S°66S |E€E°002 |9E*OO7 [ST°9% |L16°86S |€8°66z 
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APPENDIX 


TABLES SUPPLEMENTARY TO TABLES IV AND V_ 


Tables IV and V herein are extensions of the same numbered tables 


in the preceding pages for values of D, of 26° to 38°, inclusive, for 


§ 


L,=150, 200, and 250 feet. These supplementary tables should be | 


used in the same manner as the preceding tables bearing the same 
numbers. . EG 

All combinations of D, and L, shown are safe for assumed design 
speeds of 25 to 30 miles per hour when the pavements are superelevated 
to the practical maximum of 0.10 feet (144 inches) per foot. 
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FUNCTIONS OF DEFLECTION ANGLES FROM 1.ST0PTS 
TRANSITIONS USED _ |ONTENCHORD SPIRAL FOR TRANSITIONS 
IN TABLE IV Usep In TABLE TV 


Notes Col. A. 


For the deflection angle to a point other than a chord’ point simple 
interpolation may be used with no appreciable error provided a cor- 
rection is made where necessary. The value in column A is the unit 
amount of this correction in minutes per foot of the distance from 
the nearest chord point. In all cases the correction should be sub- 
tracted from the interpolated result. 
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